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Preface 

The Signetics 8X300 Design Guide is intended to supply the design engineer with a 
concentration of valuable and, in some cases, previously unpublished information 
relative to the implementation of systems using the Signetics 8X300 Microcontroller 
and its compatible devices. 



The material contained within this handbook is arranged in such a manner as to 
provide the user with the following: 

1. An overview of the 8X300 family as a state-of-the-art design tool. 

2. Tutorial information relative to the operation and use of the Signetics 
8X300 Microcontroller and its compatible devices. 



Additional information necessary for the design of systems utilizing the Signetics 
8X300 Microcontroller may be obtained from the following Signetics documents: 

. Signetics 8X300 Programming Manual 

. Signetics Microcontroller Cross Assembly Program Manual 

. Signetics Data Sheets for specific devices to be used 
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LI INTRODUCTION 



The Signetics 8X300 Microcontroller is a high-speed 8-bit bipolar 
microprocessor, fabricated using Schottky technology. The device is 
capable of executing (fetch, decode and execute) a 16-bit 
instruction in one machine cycle (a minimum of 250 nanoseconds), 
with a maximum power consumption of less than 2.5 watts. The 
8X300 architecture and instruction set are designed to provide a 
high data throughput with bit-oriented, rather than word-oriented 
operations. This allows the designer a considerable degree of 
flexibility in control applications. Under program control, the 
microprocessor is able to select and test individual bits or groups of 
bits, make calculations and decisions based upon the selected data, 
and issue appropriate commands to the system. 



Because of its high speed, the 8X300 is able to perform, through 
software, many operations that would otherwise have to be 
performed by additional hardware. The resultant lower parts count 
means less handling and inventory, reduced assembly and testing, 
lower power consumption and improved reliability. 



For more complex applications, Signetics offers a broad range of 
8X300 family and compatible devices. These devices are illustrated 
in Figure 1-1, and further information relative to them may be 
obtained through the offices listed in the back of this manual. 
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Figure 1-1. 8X300 Family and Compatible Devices 
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1.2 DESIGN ADVANTAGES OF THE SIGNETICS 8X300 MICROCONTROLLER 



The Signetics 8X300 Microcontroller comprises three separate 
buses: a non-multiplexed 13-bit Instruction Address bus, a 
non-multiplexed 16-bit Instruction Data bus, and a multiplexed 
3-state, 8-bit I/O bus. This dedicated bus structure contributes to 
the speed and flexibility of the device by allowing more actions to 
overlap. In brief, the 8X300 offers the designer a degree of speed 
and versatility previously available only with bit-slice architecture. 



The 8X300 may select as its data source either the user I/O bus or 
one of eight internal read/write registers. Previous to performing 
the instructed function, the designer can manipulate source data 
using both rotate and mask functions. The results of the instructed 
function may then be shifted, masked and merged with the original 
source data prior to output. All of the above-mentioned operations 
can be totally executed in 250 nanoseconds, accounting for the 
designers ability to process 1- to 8-bit variables as easily as MOS 
microprocessors handle byte-oriented data. 



Although the instruction set of the Signetics 8X300 Microcontroller 
contains only eight major catagories of instructions, a variable 
operand field within these instructions provides the designer with an 
extensive set of unique instructions. The inherent simplicity of the 
instruction set allows several hundred lines of machine code to be 
written by hand. Where more complex programs are required, a 
cross assembly program, MCCAP, is available. MCCAP allows the 
system designer to construct well-documented firmware readily 
employing all the powerful features of the 8X300 architecture. 



The on-chip oscillator and timing generators of the device require 
only a crystal or single capacitor for reliable operation. If the 
Signetics 8X300 is to be operated from an external TTL clock, all 
that is required is an inverting buffer, a non-inverting buffer and 
two resistors. The device requires only a single plus five-volt power 
supply for its operation, and its inputs and outputs are TTL. 



Figure 1-2 illustrates a typical system configuration. 



1-4 



PROGRAM 
STORAGE 
(ROM, PROM, OR 
RAM-TTL COM- 
PATIBLE, UP TO 
8K BY 16 BITS) 



A0-A12 



ip-hs 






HALT 
RESET 



-►0 

-►0 



^^ 






VCC Vr Vcr 

ivo-iv7 
sc 



8X32 

INPUT/OUTPUT 

PORT 



TO EXTERNAL DEVICE 

PORT INPUT CONTROL 
PORT OUTPUT CONTROL 



WORKING 

STORAGE 

(RAM) 



LEGEND: 




8X32 

INPUT/OUTPUT 

PORT 



= ADDRESS 
taaa = INSTRUCTION 
■■ = DATA 

'TO EXTERNAL DEVICE 



■PORT INPUT CONTROL 
■ PORT OUTPUT CONTROL 



NOTE: 

UP TO 256 BYTES CAN BE DIRECTLY INTERFACED 
TO EACH BANK. WITH DECODERS AND SOME 
EXTERNAL LOGIC, THE I/O COMPLEMENT CAN 
BE FURTHER EXPANDED 



Figure 1-2. Typical System Block Diagram 

1.3 DESIGN CONSIDERATIONS 

The Signetics 8X300 Microcontroller moves data at 4 million 
operations per second, while requiring only minimal support and 
peripheral circuitry. Where speed is of prime importance, the 8X300 
offers an economic alternative to random logic or the bit-slice 
approach. The device reduces both the complexity and cost usually 
associated with the above mentioned approaches. Anywhere rapid 
intelligent control is important ~ disk drive controllers, CRT 
displays, data communications, industrial control ~ the 8X300 is an 
excellent choice. 

Signetics offers extensive support for the development of systems 
employing the 8X300. The designer will find aids available in the 
forms of: 

. Development Systems 

. Training 

. Documentation 

. Applications Support 
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In the area of development systems, Signetics offers an 8X300 
Evaluation Kit and an 8X300 Microcontroller Cross Assembly 
Program (MCCAP). 



Training aids include a general introductory movie on the 8X300 and 
the 8X300 Training Course, a self-paced audio-visual course. 



A v/ide range of 8X300 Family documentation is available. In 
addition to application notes and data sheets for specific devices, 
Signetics offers the following manuals: 

- The 8X300 Design Guide 

- The 8X300 Programming Manual 

- The 8X330 Floppy Disk Controller Manual 

- The Microcontroller Cross Assembler Program Manual 

During the design phase of a project, the Field Applications 
Engineer is an invaluable source of advice. They are available to 
offer on-site technical assistance, and are equipped technically to 
help analyze your application and transform it into a viable 
hardware/software system. The Field Applications Engineers are 
supported by the factory-based Product Applications Engineers, v\/ho 
are also available to answer specific technical questions regarding 
the use of the Signetics 8X300 and its support components. 



Additional design tools which are under development and will be 
released in the near future include - 

8X300 In-Circuit Emulator - A hardware development system 
that converts other development systems and computers into 
8X300 development systems. 

MDS MCCAP - A version of the 8X300 assembler tailored to 
execute on the MDS development system. 

PDP-11 MCCAP - A version of the 8X300 assembler that 
executes on PDP-11 and LSI-11 computers. 

8X300 Designers Kit - A new version of the current Evaluation 
Kit which includes writable program storage, an RS232 port, 
and an key/display panel. 
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2.0 THEORY OF OPERATION 
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Figure 2-1. Architecture and Pin Designations for 8X300 Microcontroller 



2.1 CPU ARCHITECTURE 



Figure 2-1 is a simplified block diagram of the Signetics 8X300 
illustrating the major internal functional blocks and data paths of 
the device. As is shown in the illustration, the device includes an 
Arithmetic Logic Unit (ALU), eight 8-bit working registers, logic for 
rotate and mask of data, logic for shifting and merging of data, 
decode and control logic, an address register, a program counter and 
an instruction register. 



2.1.1 Decode and Control Logic 



The decode and control logic contained in the Signetics 8X300 
interprets the instruction according to its op code and operand 
fields, and directs the device to perform the specified operation. 
Additionally, the decode and control logic provides signals (Select 
Command, Write Command, Left Bank/Right Bank) to control logic 
external to the device. Such logic includes RAM and I/O interface 
to user equipment. As shown in Figur e 2-2, the decode and control 
logic also receives control commands (RESET and HALT) from logic 
external to the device. 
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Figure 2-2. Decode and Control Inputs and Outputs 

2-3 



The function of the operand fields vary according to the instruction 
to be performed. Table 2-1 provides a summary of operand field 
functions in order of instruction called for. More detailed 
information on this subject is available in the Signetics 8X300 
Programming Manual. 



Table 2-1. Operand Field Functions 
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2.1.2 Arithmetic Logic Unit 



Referring to Figure 2-3, the Arithmetic Logic Unit (ALU) receives 
its A-bus inputs from internal registers or I/O (through Rotate/Mask 
logic) and its B-bus inputs from either the Instruction Register 
(IR8-IR15) or from the Accumulator (a register containing an exact 
duplicate of the information contained in the Auxiliary Register, 
RO) via a multiplexer. The ALU performs one of four functions on 
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the data. It may ADD,AND or XOR the A and B input data, or it 
may pass either input data straight through with no modification 
(MOVE,XMIT). The output data is then transferred to either the 
Internal Working Storage registers, the I/O Bus through Shift and 
Merge logic, or the Program Address logic. The ALU also indicates 
a carry-out condition during eight bit ADD functions by means of a 
discrete output to the LSB of the Overflow Register, RIO. During 
NZT instructions the ALU tests for all bits "0" (A^^O). 
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Figure 2-3. ALU Data Inputs and Outputs 



2.1.3 Program Address Logic 



The data flow within the Program address logic is controlled by the 
transitions of the internal system clock of the 8X300. Each 
instruction cycle comprises four of these clock transitions, referred 
to as quarter-cycles. 
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The Program Address logic data flow is shown in Figure 2-4. When 
operating with instructions other than Program Control instructions, 
the Program Counter data is incremented by the Increment logic 
during the third quarter-cycle. The incremented data then passes 
through the lower ports of Multiplexers A, B and C, and is loaded 
into the address Register. During the fourth quarter-cycle this new 
address is looped back and loaded into the Program Counter. 



The above described data flow becomes altered when operating with 
Program Control instructions (XEC, NZT, JMP). In these cases, the 
lower five or eight bits of the address are received from the ALU 
via the upper ports of Multiplexers A and B. In the case of the JMP 
instruction, the upper five bits of the address are received from the 
instruction register through the upper ports of Multiplexer C. The 
JMP instruction is unconditional and is immediately loaded. In the 
case of the NZT instruction, the source is first tested for non-zero 
contents. If the non-zero condition (A^O) exists the new address is 
loaded, otherwise normal program sequencing continues. The XEC 
instruction differs in that the new address in the Address Register is 
not looped back to the Program Counter. The result is that unless a 
JMP is encountered at the executed instruction, the program 
sequencing resumes operation at the address following the XEC 
instruction. That is, the program counter, which still contains the 
address of the XEC instruction, is incremented as normal. 
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Figure 2-4. Program Address Logic Data Flow 
2.1.4 Bus Structure and Control 



The 8X300 bus structure, depicted in Figure 2-1, consists of 
dedicated Instruction and Instruction Address buses, and a 
multiplexed I/O bus. This bus structure allows direct 
implementation of a totally independent read only Program Memory 
of up to 8192 words by 16-bits. The 13-bit Program Control logic 
allows the order of program execution to be altered by instructions, 
either unconditionally or under conditions determined from selected 
data. 

Interface with external working storage (RAM) and user equipment 
is through the I/O bus. This bus carries either address information 
or data, and is accompanied by two Data-I/O control lines (WC and 
SC) which indicate to external circuitry which of the two types of 
information is on the bus. Ordinarily the 8-bit I/O bus would only be 
capable of addressing a maximum of 156 bytes of memory and/orl/O 
registers, but through th e use of two additional complementary 
control lines (LB and RB) this capability has been expanded to a 
maximum of 512. This is accomplished by grouping the memory-I/0 
into two banks of 256 bytes and/or devices, and using one control 
line to select each. It should be noted that only one device per bank 
may be enabled at any given time. Timing for the external memory 
and I/O is by means of the MCLK signal from the Signetics 8X300. 
The five control lines function as follows: 
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1. Select Command (SC) - a high (binary 1) on this line indicates 
that an address is being output on the I/O bus. 

2. Write Command (WC) - a high (binary 1) on this line indicates 
that data is being output on the I/O bus, to be stored in the 
previously enabled register/port. 

NOTE: When both SC and WC are low (binary 0) the 
Microcontroller expects data from the selected device. Both 
SC and WC high (binary 1) is a condition not generated by the 
Microcontroller. 



3. Left Bank Select (LB) - a low (binary 0) on this line enables 
one of two groups of I/O devices (or memory locations). In all 
following text, this group of Memory-I/0 devices is referred to 
as the Left Bank. 

4. Right Bank Select (RB) - a low (binary 0) on this line enables 
the second of the previously mentioned two groups of I/O 
devices (or memory locations). In all following text, this group 
of Memory-I/O devices is referred to as the Right Bank. 

NOTE: LB and RB are complementary outputs of a single 
control line which can be considered as a ninth address bit. 
Each_I/0 device (port, memory, etc.) is connected to either 
the LB or RB control line. 

5. Master Clock (MCLK) - an output signal of the Microcontroller 
used for clocking of I/O devices and/or synchronization of 
external logic. The I/O bus data must be stable during the 
period the MCLK is high. 



Figure 2-5 illustrates a simple control system composed of the 
Signetics 8X300 and its compatible devices. The illustration depicts 
the wiring configuration of the Program Address, Instruction and I/O 
buses, and the control lines. In this particular application the Left 
Bank of devices is composed of I/O ports used for interface with 
user equipment. The Right Bank of devices comprise the system's 
external Working Storage. Through program control, the 
Microcontroller is able to input data from one bank of devices, 
manipulate this data and output it to the opposite bank of devices, 
all in one instruction cycle (see Figure 2-6). It should be noted 
thatthe I/O and Memory devices must have been addressed prior to 
this instruction cycle, and that an operation from one device to 
another of the same bank is not normally done during a single 
instruction cycle. It is a simple matter to input data from a specific 
device, operate on it and output it again to the same device during 
one instruction cycle. 
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2.1.5 Internal Working Storage 



Internally, the Signetics 8X300 stores data in eight 8-bit read/write 
registers. These registers include registers Rl through R6, Rll and 
the Auxiliary register, RO. The Auxiliary register holds one of the 
operands used in two-operand instructions. As previously 
mentioned, an exact duplicate of the Auxiliary register data is also 
maintained in the Accumulator. This allows the Microcontroller to 
perform operations which use the Auxiliary register data as both 
operands. Register 10 stores the carry bit from addition operations 
in its LSB position. Because the LSB is the only bit used, RIO can 
only have one of two possible values - binary "1" or binary "0". 
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Figure 2-5. Simple Control System 
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Figure 2-6. Instruction Cycle 



2.1.6 Bit Manipulation Logic 



The A input of the ALU is preceded by data-rotate and data-mask 
logic. The combination of right-rotate and mask functions allows 
selection of one or more bits from a source data field. For 
instructions where both the source and destination are internal 
registers, only the rotate function is available, the data being a 
fixed length of eight bits. 



The right-rotate function provides an end-around-shift of one to 
seven places of the 8-bit source field. In this manner, the least 
significant bit of the bit string required can be positioned in the 
least significant position of the data byte, ready for further 
processing. See Figure 2-7. 
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Figure 2-7. Mask Function 



The number of places that the data is to be rotated is specified by 
the R operand field, when present, and by instruction bits 5, 6, and 7 
when the source is the I/O bus. These bits specify the bit of the 
source data field which will be rotated to bit position seven before 
masking. 



The mask function allows selection of the least significant L 
contiguous bits of the rotated I/O bus source data for subsequent 
processing. The value L is specified by the L operand field of the 
instruction. After masking, the least significant bits are output to 
the ALU, with the remaining bits of the byte set to zero. 

The ALU output is followed by the shift and merge logic. These 
functions allow alteration of the state of a bit string within the I/O 
bus data byte. The action of the rotate and mask functions ensures 
that the required processed data is in the least significant bits of 
the ALU output; the left shift function then aligns the data in the 
required bit positions prior to merging. See Figure 2-8. 
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Figure 2-8. Shift and Merge Functions 



Because the process is not an end-around-shift, data shifted from 
position 0, the MSB, is lost. The number of positions to be shifted is 
determined by instruction bits 13-15: the data is left shifted until 
the LSB has reached the bit position specified by instruction bits 
13-15. 



The merge function allows the user to update part of the existing 
I/O bus data without affecting the remaining parts of the data byte. 
The length of the bit string to be merged with the existing data is 
specified by the L operand field, the LSB of the bit string (after 
shifting) being specified by instruction bits 13-15. 



It must be kept in mind that the I/O bus is "read from" and "written 
to" only in 8-bit bytes. The eight bits of information is read from 
the I/O bus and latched into the internal I/O latches of the 8X300. 
Some number of bits may then be rotated, masked and shifted as 
desired. Prior to output to the I/O bus, the desired bits are then 
merged with the original information still being retained in the 
internal I/O latches. For this reason, a single bit cannot be read 
from one device and written to replace just one bit of another 
device in one instruction cycle. 
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2.1.7 Oscillator 



The 8X300 contains an on-chip oscillator which generates all 
necessary clock signals. The oscillator output frequency may be 
controlled by any one of four methods: 

1. External capacitor 

2. External crystal 

3. Pulse generator 

4. TTL clock 



The first control method, an external capacitor, is an imprecise way 
of controlling the speed of the 8X300, and its use should be 
restricted to low speed applications. In actual operation, the value 
of the capacitor may be affected by its environmental conditions. 
Approximate capacitor values are shown in Graph 2-1. 
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Graph 2-1. Typical Cycle Time Versus Capacitance 
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The second, and most desirable, method of oscillator control is 
implemented through the use of a frequency determining crystal. 
The oscillator is designed such that its gain decreases as its 
operating frequency increases. When used with a crystal of the 
proper characteristics, the oscillator has little or no tendency to 
operate in a harmonic mode. Because of this, no external 
components other than the crystal are required for frequency 
control. Table 2-2 lists the specifications of crystals to be used 
with the 8X300, and their resonant frequency f in Hertz is related to 
the desired instruction cycle time T in seconds, by the relationship f 
=2/T. 



For example: 

The desired instruction cycle time is 250 nanoseconds, or 
250X10-9 seconds. 

Therefore: 



= 8X10 HZ = 8 MHz. 



250X10"' 



Table 2-2. Crystal Specifications 



TYPE 


IMPEDANCE 
AT FUNDAMENTAL 


IMPEDANCE AT 
HARMONICS AND 
SPURS 


FUNDAMENTAL MODE, 
SERIES RESONANT 


35 OHMS 
MAXIMUM 


50 OHMS 
MINIMUM 



The third method of frequency control is accomplished by driving 
the oscillator with an external pulse generator. This method is 
especially useful in applications that require the ability to vary the 
instruction cycle time. The XI and X2 inputs of the 8X300 must be 
connected to the complementary outputs of the pulse generator as 
shown in Figure 2-9. 
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PULSE 
GENERATOR 




8X300 
MICROCONTROLLER 



PULSE GENERATOR CHARACTERISTICS 
ZOUT = son Vqut = 0-1 VOLT 

RISETIME < 10 ns SKEW < 10 ns 



Figure 2-9. Pulse Generator Clocking 



The final method of oscillator control involves driving the oscillator 
with an external TTL clock. The interfacing of a master TTL clock 
to the 8X300 is illustrated in Figure 2-10. 



CLOCK 




• = OPEN COLLECTOR 



TTL DRIVER CHARACTERISTICS: 
FALL TIME < 10 ns 

SKEW BETWEEN COMPLEMENTARY OUTPUTS 
< 10 ns 



Figure 2-10. TTL Clocking 
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2.2 8X300 TIMING 



To understand the 8X300 timing, it is necessary to know when the 
internal latches of the device are open and when they are not. 
Figure 2-11 is a detailed internal block diagram of the 8X300, 
depicting the latches and registers referred to in the discussions 
that follow in this section of the manual. Figure 2-12 is a timing 
chart illustrating the actions of these latches and registers 
throughout an instruction cycle. Table 2-3 describes the timing 
specifications of the device. It should be noted that all 8X300 
internal latches are level triggered. 



2.2.1 Instruction Cycle 



The Internal Timing Generator of the 8X300 is depicted in Figure 
2-13. Either an external TTL clock or a crystal may be connected 
to XI and X2, the inputs to the device's internal oscillator. In 
conjunction with the sequencer, the output of this oscillator 
generates all internal timing-control signals. Figure 2-14 shows the 
relationship of the internal timing signals to the XI input. 



The 8X300 instruction cycle comprises four transitions of the 
internal system clock. The internal latches are controlled by these 
transisions, commonly referred to as quarter-cycles. Keep in mind 
that "quarter-cycles" refer to transitions of the internal system 
clock, not transitions of XI. 
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Figure 2-11. 8X300 Detailed Block Diagram 
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Table 2-3. 8X300 AC Electrical Characteristics 



AC CHARACTERISTICS (Commercial Part) conditions: Vqc = sv (±6%). V|n = ov or 3V, cc < Ta < /cc 

LOADING: (See test circuits) 



PARAMETER 
(NOTE 1) 


LIMITS (INSTRUCTION 
CYCLE TIME = 250 ns) 


LIMITS (INSTRUCTION 
CYCLE TIME > 250 ns) 


UNITS 


COMMENTS 


MIn 


Typ 


Max 


Min 


Typ 


Max 


TPC 


Processor cycle time 


250 






250 






ns 




TCP 


XI clock period 


125 






125 






ns 




TCH 


XI clock high time 


62 






62 






ns 




TCL 


XI clock low time 


62 






62 






ns 




Tmch 


MCLK high delay 


31 


42 


52 


31 


42 


52 


ns 




Tmcl 


MCLK low delay 


31 


42 


52 


31 


42 


52 


ns 




TW 


MCLK pulse width 


55 


62 


69 


T4Q-7 


T4Q 




ns 


Note 2 


Tab 


X1 falling edge to 
address stable 


50 


63 


80 


50 


63 


80 


ns 


Note 7 


Tmas 


MCLK falling edge to 
address stable 


130 


143 


160 


T1Q+T2O 
+5 


T1Q+T2Q 
+ 18 


T10+T2Q 
+35 


ns 


Notes 2, 3, & 7 


T|A 


Instruction to address 






170 






T2Q+IO8 


ns 


Notes 2, 3, & 8 


TjVA 


Input data to address 






105 






105 


ns 


Notes 3 & 9 


T|S 


Instruction set-up time 
(XI rising edge) 


-7 






-7 






ns 


Note 10 


Tmis 


MCLK falling edge to 
instruction stable 






20 






TiQ-42 


ns 


Notes 2, 4, & 10 


T|H 


Instruction hold time 
(XI rising edge) 


45 






45 






ns 


Note 1 1 


Tmih 


Instruction hold time) 
(MCLK falling edge) 


60 






T1Q-2 






ns 


Notes 2 & 1 1 


TWH 


XI falling edge to 
SC/WC rising edge 


40 


49 


58 


40 


49 


58 


ns 




Tmwh 


MCLK falling edge to 
SC/WC rising edge 


125 


130 


135 


T1O+T2Q 


T1Q+T2O 
+5 


T1Q+T2Q 
+ 10 


ns 
ns 


Note 2 


■"■WL 


XI falling edge to 
SC/WC falling edge 


40 


49 


58 


40 


49 


58 


ns 




Tmwl 


MCLK falling edge to 
SC/WC falling edge 


5 


7 


15 


5 


7 


15 


ns 




TjBS 


XI falling edge to 
LB/RB (Input phase) 


48 


60 


70 


48 


60 


70 


ns 




Tmibs 


MCLK falling edge to 
LB/RB (Input phase) 


7 


17 


25 


7 


17 


25 


ns 




TjIBS 


Instruction to LB/RB 
(Input phase) 




27 


35 




27 


35 


ns 




Tqbs 


XI falling edge to 
LB/RB (Output phase) 


48 


60 


70 


48 


60 


70 


ns 




Tmobs 


MCLK falling edge to 
LB/RB (Output phase) 


132 


137 


147 


T1Q+T2Q 
+7 


T1Q+T2Q 

+ 12 


T1Q+T2Q 
+22 


ns 


Note 2 


TjDS 


Input data set-up time 
(X1 falling edge) 


25 


16 




25 


16 




ns 




Tmids 


MCLK falling edge to 
input data stable 




65 


55 




T1Q+T2Q 
-60 


T1Q+T2Q 
-70 


ns 


Notes 2 & 5 


TjDH 


Input data hold time 
(X1 falling edge) 


40 


30 




40 


30 




ns 




Tmdih 


Input data hold time 
(MCLK falling edge) 


125 


112 




T1Q+T2Q 


T1Q+T2Q 
-13 




ns 


Note 2 


TODH 


Output data hold time 
(X1 falling edge) 


55 


65 


75 


55 


65 


75 


ns 




Tmodh 


Output data hold time 
(MCLK falling edge) 


11 


20 


25 


11 


20 


25 


ns 




Tods 


Output data stable 
(XI falling edge) 


74 


84 


94 


74 


84 


94 


ns 


Notes 12, 14, & 15 


Tmods 


Output data stable 
(MCLK falling edge) 


150 


160 


170 


T1Q+T2Q 
+25 


T1Q+T2Q 
+35 


T1Q+T2Q 
+45 


ns 


Notes 2, 12. 
14, & 15 
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Table 2-3. 8X300 AC Electrical Characteristics (Cont'd) 



AC CHARACTERISTICS (Commercial Part) 
(Continued) 



CONDITIONS: 
LOADING: 



Vcc = 5V (±5%), V|N = OV or 3V. 0°C < Ta < 70''C 
(See test circuits) 



PARAMETER 
(NOTE 1) 


LIMITS (INSTRUCTION 
CYCLE TIME = 250 ns) 


LIMITS (INSTRUCTION 
CYCLE TIME > 250 ns) 


UNITS 


COMMENTS 


MIn 


Typ 


Max 


Min 


Typ 


Max 


Tqd Input data to output 
data 


104 


120 


136 


104 


120 


136 


ns 


Notes 13 & 15 


Ths halt set-up time 
(XI rising edge) 
















ns 




TmHS MCLK falling edge to 
HALT falling edge 






18 






TiQ-44 


ns 


Notes 2 & 6 


Thh halt hold time 
(X1 rising edge) 


32 






32 






ns 




TmHH halt hold time 

(MCLK falling edge) 


50 






TlQ-12 






ns 


Note 2 


TaCC Program storage 
access time 






80 








ns 




T(o I/O port output enable 
time (LB/RB to valid 
IV data input) 






30 








ns 





NOTES: 
1X1 and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 
volts: all timing parameters are measured at this voltage level. 

2. Respectively, T^q, T2q, T3Q, and T4Q represent time intervals tor the first, second, 
third, and fourth quarter cycles. 

3. Capacitive loading for the address bus is 150 picofarads. 

4. Same as TIS but referenced to falling edge of MCLK. 

5. Same as TIDS but referenced to falling edge of MCLK. 

6. Same as THS but referenced to falling edge of MCLK. 

7. TAS is obtained by forcing a valid instruction and an I /O bus input to occur earlier than 
the specified minimum set-up time; the TAS parameter then represents the earliest 
time that the address bus is valid. 

8. TIA is obtained by forcing a valid instruction input to occur earlier than the minimum 
set-up time. 

9. TIVA is obtained by forcing a valid I / O bus input to just meet the minimum set-up time. 

10. TMIS represents the set-up time required by internal latches of the 8X300. In system 
applications, the instruction input may have to be valid before the worst-case set-up 
time in order for the system to respond with a valid I/O bus input that meets the I/O 
bus input set-up time (TIDS and TMIOS). 

1 1 . TIH represents the hold time required by internal latches of the 8X300. To generate 
proper LB/RB signals, the instruction must be held valid until the address bus 
changes. 

12. TOOS is obtained by forcing a valid I/O bus input to occur earlier than the I/O bus 
input set-up time (TIDS); this timing parameter represents the earliest time that the 
I/O output data can be valid. 

13. TDD is obtained by forcing a valid I/O bus input to just meet the minimum I/O bus input 
set-up time; thus timing parameter represents the latest time that the I/O output data 
can be valid. 

14. The minimum figure for these parameters represents the earliest time that I/O bus 
output drivers of the 8X300 will turn on. 

1 5. For TIDS ^ 35 ns, TODS or TMODS should be used to determine when the output data 
is stable. 



TEST CIRCUITS 
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Figure 2-13. Internal Timing Generator 



r 



1ST QUARTER 
(62.5 ns) 



JK. 



2ND QUARTER 
(62.5 ns) 



^K. 



3RD QUARTER 
(62.5 ns) 



1 



INPUT INSTRUCTION & LATCH & PROCESS NEXT INSTRUCTION 
FETCH NEW DATA INPUT DATA ADDRESS, GENERATE 

CONTROL SIGNALS, 

AND SETUP I/O 
DATA FOR OUTPUT 



J\^ 



4TH QUARTER 
(62.5 ns) 



I/O ADDRESS OR 
I/O DATA VALID 



MCLK— ACTIVE STATE 



U 



NOTES 

1 . New instruction must be accepted and latched at end of first quarter cycle. 

2. The I/O data latches are open for the first two quarter cycles, that is. for 125- 
nanoseconds. 

3. The address is output during third quarter cycle. 

4. I/O bus drivers are active (turned on) during third and fourth quarter cycles. 



Figure 2-14. Internal Timing for 250 Nanosecond Instruction Cycle 
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2.2.2 Timing Calculations 



It is an operational requirement of the 8X300 that certain timing 
events must occur in specific quarter-cycles. In 8X300 systems 
operating with fast instruction cycle times, most Microcontroller 
delays are strictly determined by internal gate propagation delays. 
When operating with slower instruction cycle times, the delays 
appear to increase due to gating by internal clocks. Figure 2-15 
illustrates the timing relationships within the 8X300. 



INTERNAL 
QUARTER-CYCLES 



INSTRUCTION y, 
10-115 < 




) «MMM«^^^^ 



V 



X 



I/O BUS 
IV0-IV7 



DENOTES CHANGING DATA 
DENOTES Hl-Z 



Figure 2-15. 8X300 Timing Relationships 

The switching points of the signals illustrated in Figure 2-15 are 
defined in the following paragraphs: 

MCLK: Master clock. MCLK occurs during, and is equal in length 
to, the fourth quarter-cycle. The leading and trailing edges of 
MCLK are, respectively, concurrent with the leading and trailing 
edges of the fourth quarter-cycle. 
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ADDRESS: Instruction address output signals. The opening and 
closing of the internal address latches (register) occur, respectively, 
with the leading and trailing edges of the third quarter-cycle. 
Therefore, these latches are open only during the third 
quarter-cycle. The address of the previous instruction cycle 
remains stable until the trailing edge of the second quarter-cycle, 
after which time a new address becomes available on the bus. The 
point at which the new address becomes valid and stable is 
dependent on the worst case condition of the following 
considerations: ^ 

1. The propagation delay from the address latch input to the 
address latch output, when the address latch starts to open 
during the third quarter-cycle (TAS). 

2. The propagation delay from the time an instruction becomes 
stable to the address output (for example, a JMP instruction) 
(TIA). 

3. The propagation delay from the beginning a valid I/O bus input 
to the address output (TIVA). As an example, an instruction in 
which bit seven of the selected right bank device is examined 
and the next instruction is executed if the bit is zero, or the 
instruction at the current location plus five is executed if the 
bit is one (NZT RB7,*+5). 



INSTRUCTION: Input signals to the instruction latches (register). 
These latches are open for the duration of the first quarter-cycle 
only. When considered at the chip level, there is a minimum set-up 
and hold time requirement with respect to the trailing edge of the 
first quarter-cycle. At a system level, there are further 
requirements as to when and how long the instruction inputs must be 
valid. As is shown in Figure 2-16, the LB/RB signals are derived 
directly from the instruction input during the input phase. 



To insure the correct LB/RB signals, the instruction input must be 
stable until the end of the input phase. Since the address bus is 
stable for the entire input phase, the instruction output of the 
program storage should be stable for the entire input phase, thus 
satisfying the requirements for stability of the LB/RB signals. 

Another factor determining the latest point at which the instruction 
must become valid is the worst case I/O input set-up time, as shown 
below: 

I/O - data stability depends on the setting of the LB/RB control 
lines which, in turn, depend on the stability of the instruction bus. 
See section on "Timing Considerations" for detailed explanation. 
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Figure 2-16. LB/RB Enable Paths 

SC/WC: Select command and Write command signals. These signals 
change state at the leading edges of the first and third 
quarter-cycles. Keep in mind that SC and WC are never 
concurrently in a high state. 



LB/RB: The complementary left bank and right bank enable 
signals. When required to change during the input phase, LB/RB 
becomes valid after the latest occurance of either the leading edge 
of the first quarter-cycle (TIBS) or the beginning of a valid 
instruction (TUBS). If a change is required during the output phase, 
LB/RB is valid after the leading edge of the third quarter-cycle. 
Refer to Figure 2-16. 



I/O Bus: Input/Output Bus. The I/O bus input latches and the ALU 
input latches are open during the first two quarter-cycles. Allowing 
some delay after the leading edge of the third quarter-cycle, the I/O 
bus drivers are turned on, and remain on throughout the fourth 
quarter-cycle. When operating at 250 nanosecond instruction cycle 
times, the I/O data may not be valid until the fourth quarter-cycle. 



HALT: Halt Signal. The HALT signal is sampled b y the 8X300 
internal logic during the first quarter-cycle. If the HALT signal 
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goes low (and remains low) during the first quarte r-cycl e, the 
current instruction cycle becomes a HALT cycle. A HALT cycle 
ceases the internal operation of the 8X300, but does n ot inhibit 
MCLK or affect any internal registers. During the HALT cycle the 
I/O bus is in a high-impedance mode, SC and WC are low, and the 
add ress bu s, A0-A12, retains the address latched in it at the time 
the HALT was a pplied. Normal operation resumes with the cycle in 
which the HALT signal is high when sampled. Refer to Figure 2-17. 




l_ 



NOTES 

1. The HALT signal can switch from High to Low at any time during this interval. 

2. The HALT signal can switch from Low to High at any time during this interval. 

Timing Descriptions: 

T^3 — set-up time from HALT to XI (independent of instruction cycle time) 



T^— hold time from XI to HALT (independent of instruction cycle time) 

^MHS — ot'XP "■"^ ^""^ MCLK to HALT (dependent upon instruction cycle time) 

T|^).^— hold lime from MCLK to HALT (dependant upon instruction cycle time) 



Figure 2-17. HALT Timing 



Although RESET timing is not shown in Figure 2-12, it is appropriate 
that it be des cribed in this portion of text. Figure 2-18 depicts the 
relationship of RESET to other signals of the 8X300. 



When power is first applied to the 8X300, the RESET input of the 
device must be forced low as part of the initialization process. This 
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NOTES 

1. A High to Low transition of the RESET signal will force the Address Bus to an all-zero 
configuration. 

2. The RESET signal can switch from Low to High at any point within this time interval and, 
in all cases, MCLK will occur at laaat one-quarter cycle time later as shown. 



Figure 2-18. RESET Timing 



must be done by some external means, such as an R-C netwo rk. To 
ensure proper operation during normal program flow, the RESET 
input must be forced low for at least one full instruction cycle. 
When RESET goes low, the following takes place: 



1. The Program Counter and Address Register set to zeros 
asynchronously, with a delay equal to th e propa gation delay. 
Their contents remain zeros as long as the RESET input remains 
low. 

2. The I/O bus goes to the high-imp edance mode asynchronously, 
and remains in this state as long as RESET is held low. 

3. The SC a nd WC o utputs go low asynchronously, and remain low 
as long as RESET remains low. 
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4. The LB/RB outputs are undefined as long as RESET remains low. 



^* The MC LK output is inhibited as long as RESET is held low. If 
RESET is forced low during the last two quarter-cycles, the 
MCLK that occurs during that instruction cycle may be 
shortened. 



The RESET signal has no affec t on an y internal registers other than 
those listed above. When the RESET input is allowed to again go 
high, at least one quarter-cycle later an MCKL (approximately one 
quarter-cycle long) occurs prior to the resumption of normal 
operation. 



TIMING CONSIDERATIONS (Commercial Part) - As shown in the 
"AC CHARACTERISTICS" table for this part, Table 2-3, the 
minimum instruction cycle time is 250 nanoseconds, whereas, the 
maximum is determined by the on-chip oscillator frequency and can 
be any value the user chooses. \Mth an instruction cycle time of 250 
nanoseconds, the part can be characterized in terms of absolute 
values; these are shown in the first "LIMITS" column of the table. 
When the instruction cycle time is greater than 250 nanoseconds, 
certain parameters are cycle-time dependent; thus, these 
parameters are specified in terms of the four quarter-cycles 
(TiQ, T2Q, and T^q) that make up one instruction cycle ~ 
see the timing diagram Figure 2-12. As the time interval for each 
instruction cycle increases (becomes greater than 250 nanoseconds), 
the delay for all parameters that are cycle-time dependent is 
likewise increased. In some cases, these delays have a significant 
impact on timing relationships and other areas of systems design; 
subsequent paragraphs describe these timing parameters and reliable 
methods of calculation. 



Timing parameters for the 8X300 are normally measured with 
reference to XI and MCLK; those referenced to MCLK are prefaced 
with an "M" in the mnemonic— TMAS, TMIH, and so on. To 
determine the timing relationship between a particular signal, say 
"A", and MCLK, the user should, at ail times, use the value specified 
in the table— DO NOT calculate the value by adding or subtracting 
two or more parameters that are referenced to XI. When deriving 
timing relationships between two signals (A to B, etc.) by adding or 
subtracting the parameter values, the user must consistently use the 
same parameter reference— MCLK or XI. 
System determinants for the instruction cycle time are: 



Propagation delays within the 8X300 
Access time of Program Storage 
Enable time of Output Port 
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Normally, the instruction cycle time is constrained by one or more 
of the following conditions: 

Condition 1 -- Instruction or MCLK to LB/RB (input phase) plus 
I/O port output enable (TIO) < IV data set-up time 
(Figure 2-19a) 

Condition 2 — Program storage access time (TACC) plus 

instruction to l5/RB (input phase) plus I/O port 
output enable (TIG) plus IV data (input phase) to 
address < instruction cycle time (Figure 2-19b). 

Condition 3 — Program Storage access time plus instruction to 
address < instruction cycle time (Figure 2-19c). 

From condition #1 and with an instruction cycle time of 250 
nanoseconds, the I/O port output enable time (TIO) can be 
calculated as follows: 

TMIBS + TIO < TMIDS 
transposing, TIO < TMIDS - TMIBS 

substituting, TIO s 55nS - 25 nS 

result, TIO < 30 nanoseconds 



Using 30 nanoseconds for TIO, the constraint imposed by Condition 
#1 can also be used to calculate the minimum cycle time: 

TMIBS + TIO < TMIDS 
thus, 25 nS + 30 nS < Tjq + T2Q - 70 

25 nS + 30 nS ^ ^ cycle - 70 therefore, 
the worst-case instruction cycle time is 250 nanoseconds. With 
subject parameters referenced to XI, the same calculations are 
valid: 

TIBS + TIO + TIDS < ^ cycle 
thus, 70 nS + 30 nS + 25 nS <' j cycle therefore, 

the worst-case instruction cycle time is again 250 nanoseconds. 
From Condition #2 and with an instruction cycle time of 250 
nanoseconds, the program storage access time can be calculated: 



TACC + TUBS + TIO + TIVA < 250 nS 
transposing, TACC < 250 nS - TUBS - TIO - TIVA 

substituting, TACC ^ 250 nS - 35 nS - 30 nS - 105 nS 

thus, TACC ^ 80 nS hence, for an instruction cycle 

time of 250 nanoseconds, a program storage access time of 80 
nanoseconds is implied. The constraint imposed by Condition #3 can 
be used to verify the maximum program storage access time: 
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TIA + TACC < Instruction Cycle 
thus, TACC < 250 nS - 170 nS 

and, TACC < 80 nS, confirming that 

storage access time of 80 nanoseconds is satisfactory. 



a program 



SC, WC. l6 or RB 




1 MCLK to CS/fi6 (Input 
plia**) or Instruction to 
[6/RB (Input pha**). 

2 I/O port KCM« (TIO). 
(3) IV data Mt-up tim* 

(rafarancad to MCLK). 



a. Condition # 1 



MCLK 1- 




PROGRAM STORAGE 
ACCESS 



c. Condition #3 



(T) Program atoraga accaa* 
tima. 

(2) MCLK to LB/ RB (input 
phaaa) or Instruction to 
LB/RB (Input phasa). 

(3) I/O port accaaa (TIO). 
3) IV data (Input phasa) to 

addrass. 

b. Condition #2 




Figure 2-19. Constraints of 8X300 Instruction Cycle Time 

For an instruction cycle time of 250 nanoseconds and a program 
storage access time of 80 nanoseconds (Condition #2), the 
instruction should be valid 10 nanoseconds before the falling edge of 
MCLK. This relationship can be derived by the following equation: 

250 nS - TMA5 - TACC 
= 250 nS - 160 nS - 80 nS 
= 10 nS 

It is important to note that, during the input phase, the beginning of 
a valid LB/RB signal is determined by either the instruction to 
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LB/RB delay (TIIBS) or the delay time from the falling edge of 
MCLK to LB/RB (TMIBS). Assuming the instruction is valid 10 
nanoseconds before the falling edge of MCLK and adding the 
instruction-to-LB/RB delay (TIIBS = 35 nS), the LB/RB signal will be 
valid 25 nanoseconds after the falling edge of MCLK. With a fast 
program-storage memory and with a valid instruction more than 10 
nanoseconds before the falling edge of MCLK — the LB/RB signal 
willj due to the TMIBS delay, still be valid 25 nanoseconds after the 
falling edge of MCLK. Using a worst-case instruction cycle time of 
250 nanoseconds, the user cannot gain a speed advantage by 
selecting a memory with faster access time. Under the same 
conditions, a speed advantage cannot be obtained by using an I/O 
port with fast output enable time (TIO) because the address bus will 
be stable 80 nanoseconds (TAS) after the beginning of the third 
quarter-cycle — no matter how early the IV data input is valid. 



When operating at slower instruction cycle times (TPC > 250 nS), 
there are two more timing conditions which must be satisfied in 
addition to those already mentioned. First, the I/O input data must 
be stable by the set-up time required by the input latches. The 
program storage access time (TACC) must be such that 



TAS + TACC + TIIBS + TIC + TIDS < TPC 



Second, the instruction must be stable by the set-up time required 
by the instruction latches. The program storage access time must 
also be such that 



TAS + TACC + TIS < TPC - T2Q 



where T2Q is the length of the second quarter-cycle (pulse width 
of XI high); for symetric clock signals 



T2Q = 5 TPC, or 

TAS + TACC + TIS < .75 TPC 



Program storage access time must satisfy the worst case of all of 
the timing conditions mentioned. 
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2.3 THE 8X300 INSTRUCTION SET 



The 8X300 instruction set comprises eight categories of instruction, 
each identified by a different OP code value. A variable operand 
field within these instructions provide the equivalent of 32 
instructions. During the process of an instruction, the data may 
undergo some combinations of rotate, mask, and shift and merge 
manipulations. Table 2-4 describes the functions that can be 
performed on the data during the Instruction operations. Certain 
instruction operations perform no function on the data, therefore, 
they do not appear in this Table (example: XMIT, Register). 



The following paragraphs, in conjunction with Table 2.4, provide a 
brief description of the operations that may be performed by each 
of the instruction categories. It is suggested that when reading 
these descriptions, the reader should also refer back to the internal 
block diagram. Figure 2-11. 



Op Code (MOVE): Data from the source register or I/O bus is 
moved to the destination register or I/O bus. Bit 
manipulations may be performed as specified in Table 
2-4. The source data field remains unchanged after the 
operation. 

Op Code 1 (add): Data from the source register or I/O bus is 
added to the contents of the AUX register 
(Accumulator). The result is then placed in the 
destination register or I/O bus. Bit manipulations may be 
performed as specified in Table 2-4. The source data 
field and AUX register remain unchanged unless one of 
those is also the destination. Only during the ADD 
instruction is the value of Register 10 set. (RIO cannot 
be specified as a destination.) The high order seven bits 
always remain zero. The LSB is set to indicate the 
carry-out of the MSB of the ALU. 

NOTE: This does not indicate an overflow condition 
resulting from excessive magnitude of a two's comple- 
ment sum. 

Op Code 2 (AND): Data from the source register or I/O bus is 
ANDed with the contents of the AUX register 
(Accumulator). The result is then placed in the 
destination register or I/O bus. Bit manipulations may be 
performed as specified in Table 2-4. The source data 
field and AUX register remain unchanged unless one of 
those is also the destination. 



2-31 



Table 2-4. Bit Manipulation Functions 





FUNCTION 


OPERATION 


ROTATE 


MASK 


SHIFT 


MERGE 


MOVE, ADD, AND, XOR 
REGISTER - REGISTER 


OK 


X 


X 


X 


MOVE, ADD, AND, XOR 
REGISTER - IV BUS ADDRESS 


OK 


X 


X 


X 


MOVE, ADD. AND, XOR 
REGISTER - IV BUS 


X 


X 


OK 


OK 


MOVE, ADD, AND, XOR 
IV BUS -REGISTER 


OK 


OK 


X 


X 


MOVE, ADD, AND, XOR 
IV BUS - IV BUS 


OK 


OK 


OK 


OK 


MOVE, ADD, AND, XOR 
IV BUS - IV BUS ADDRESS 


OK 


OK 


X 


X 


XEC, NZT 
IV BUS 


OK 


OK 


X 


X 


XMIT 
IV BUS 


X 


X 


OK 


OK 



NOTES: 1. X REPRESENTS A NON-USABLE FUNCTION. 

2. XEC. NZT AND XMIT REGISTER, AND XMIT IV BUS 
ADDRESS HAVE NO BIT MANIPULATIONS PERFORMED 
DURING THEIR OPERATION. 

Op Code 3 (XOR): Data from the source register or I/O bus 
undergoes an EXCLUSIVE OR operation with the contents 
of the AUX register (Accumulator). The result is then 
placed in the destination register or I/O bus. Bit 
manipulations may be performed as specified in Table 
2-4. The source data field and AUX register remain 
unchanged unless one of those is also the destination. 



Op Code 4 (XEC): Executes the instruction at the address formed 
by replacing the least significant bits of the current 
address with the sum of the J field and the data in the 
source register or I/O port.* Bit manipulations may be 
performed on I/O source data only as specified in Table 
2-4. After execution of the instruction at the specified 
address, instruction execution continues at the address 
following the XEC instruction, unless the instruction at 
the specified address caused a jump. 
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Op Code 5 (NZT): The least significant bits of the progrann 
counter are replaced by the J field data if the register or 
I/O bus specified by the source field has non-zero 
contents.* Bit manipulations may be performed on I/O 
destination data only as specified in Table 2-4. The 
tested data field remains unchanged. 



Op Code 6 (XMIT): The data in the J field is placed in the register 
or I/O port specified as the destination field.* Bit 
manipulations may be performed as specified in Table 2-A. 



Op Code 7 (JMP): The address of the next instruction to be 
executed is changed to that specified by the 13-bit A field 
of the instruction. 



*NOTE: 



If the source field specified a register, the J field 
contains an eight-bit value. If the source field specifies 
an I/O port (or memory), the J field contains a five-bit 
value. 



A compendium of information on instruction formats is contained in 
Appendix B. 



2.4 INTERFACE PRINCIPLES 



Designing hardware to interface with the 8X300 Microcontroller is 
primarily a task of selecting external devices that suit the job to be 
done. Careful consideration must be given to the minimum 
requirements necessary to accomplish the job. Such requirements 
might include instruction cycle time, memory size and memory 
access time. Must the system operate with a 250 nS instruction 
cycle time, or is 500 nS sufficient? At longer instruction cycle 
times, slower and less expensive memory may be used. How much 
External Working Storage is necessary? As External Working Storage 
increases, the methods of manipulating it become more complex. 
'vVhich is the most economical method of manipulating larger and/or 
slower memory - hardware or software? 



Signetics offers a broad line of devices that are either specifically 
designed for use with or are compatible with the 8X300. Table 2-5 
provides a listing of these devices, by function. Selection of devices 
from this list can greatly reduce the time and tasks necessary in 
8X300 system design. 
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The following sections provide general information which will aid 
designers seeking solutions to specific interface problems. 



2.4.1 Memory Interface 



It should be pointed out that the program storage and working 
storage devices listed in Table 2-5 are all bipolar devices. 
Furthermore, as is shown in Table 2-5, the access times of the 
majority of devices are within the 80 nanosecond maximum required 
for an 8X300 operating with an instruction cycle time of 250 
nanoseconds. This is not to say that all systems must have bipolar 
memory devices, or that all systems must operate with a maximum 
memory access time of 80 nanoseconds. If the system under design 
is of a nature that allows instruction cycle times greater than 250 
nanoseconds, the designer might desire to stretch the instruction 
cycle time in order to select memory from readily available industry 
standard, TTL compatible MOS memory devices. It is suggested 
that the designer review Section 2-2 of this manual prior to 
attempting calculations of instruction cycle times versus memory 
access times. 



As an alternative to stretching the entire instruction cycle, the 
designer might consider an oscillator configuration which selectively 
stretches the instruction quarter-cycles. A suggested configuration 
is shown in Figure 2-20. This design stretches all positive phases of 
clock input XI. The system is self-synchronizing, and elongates the 
memory fetch cycles. An arbitrary oscillator frequency of 6.154 
MH^ and delay time of 18.75 nanoseconds was chosen for purposes 
of illustration. Other oscillator frequencies and delay times will 
yield different quarter-cycle time periods. 
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Table 2-5. 8X300 Compatible Devices 



Program Storage (ROM, 


PROM) 








Type 


Description 




Access Time 


82S23/123 


OC/TS 


32X8 


PROM 


50 ns 


825126/129 


OC/TS 


256X4 


PROM 


50 ns 


82S131 


TS 


512X4 


PROM 


50 ns 


82S115 


TS 


512X8 


PROM 


60 ns 


82S137 


TS 


1KX4 


PROM 


60 ns 


825181 


TS 


1KX8 


PROM 


70 ns 


825185 


TS 


2KX4 


PROM 


100 ns 


825190/191 


OC/TS 


2KX8 


PROM 


80 ns 


82S2708(Mil. only) 


TS 


1KX8 


PROM 


60 ns 


Working Storage (RAM) 










82509 


OC 


64X9 


RAM 


50 ns 


82S16 


TS 


256X1 


RAM 


50 ns 


825116 


TS 


256X1 


RAM 


40 ns 


8X350 


TS 


256X8 


RAM 


35 ns 


I/O Devices 










8T26A/28 


Quad Bus Transceiver 




8T31 


8-Bit Bidirectional I/O Port 




8T32/33/35/36 


8-Bit Addressable Bidirectional I/O Port | 


8T39 


Bus Extender 






8T58 


Transparent Bus Expander 




8X41 


Bidirectional Bus Extender/Repeater 


8X320 


Bus Interface Register Array 




Communications Devices 








2652 


Synchronous Data Link Controller 


8X01 


Cyclic Redundancy Checker 




8X330 


Floppy Disk Formatter/Controller 


9403 


64-Bit FIFO Buffer Memory 




Integrated Fuse Logic 










82S100/101 


TS/OC 16X8X48 FPLA 




825102/103 


OC/TS FPGA 
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Figure 2-20. Elongated Positive Cycle Clock 



Figure 2-21 illustrates a system which operates with up to 6^K bytes 
of industry standard, TTL compatible MOS working storage. The 
system is implemented through the use of some additional 
hardware. It should be noted that the program memory should 
consist of devices with an access time of 80 nanoseconds or less and 
that the instruction word has been extended from 16 bits to 20 bits. 
Two of these bits are used as enables for the RAM address latches. 
The remaining two bits may be used for other control or display 
drive functions. Although this method requires additional ROMs for 
the extension, it eliminates the latch select instruction cycle that 
would be necessary if addressable latches, such as the 8X32, were 
used as RAM address latches. This saves both in program storage 
and in total processing time for working storage. It requires that a 
specific program structure be followed within program storage. 
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The RAM address latches must be sequentially loaded, the data 
latch selected, then the data itself loaded into the data latch. If the 
RAM array is composed of devices with an access time of 250 
nanoseconds or less, the RAM address. will be stable by the time 
data is to be written to or read from the RAM array. 



The system designer must ensure that the program instruction 
becomes valid early enough relative to MCLK in order for the RAM 
address latch enable bits (116 and 117) to be latched into the 
D-latches. In cases where the instruction is not yet valid at the 
trailing edge of MCKL, the MCLK signal to the D-latches can be 
slightly delayed by adding two or three buffer stages to the MCKL 
signal line, just prior to the D-latches 



- 












n 


^ IV0-IV7 




^ 


EQUIVALENT 

ADDRESS 
HI 


ADDR ^ 
HI 






10-115 ^ 


SIGNETICS 

8X300 

MICROCONTROLLER 


LATCH 
51 E 


MOS 
MEMORY 
ARRAY 

WITH 

DECODE 

(64K BYTES 

MAX) 






PROGRAM 
MEMORY 








J_ 






SC 


I 




\ 




LB 










) 




116 




rI 






( 












WC 


■^ 


ADDRESS 

LO 
LATCH 

OE E 


18) ^ 

ADDR 
LO 


MCLK 
















^ 










' 






PROGRAM 

MEMORY 

EXTENSION 




D 
TYPE 
LATCH 








\ 


117 






' 








; 




118 
























119 




* USER 
^ J OPTION 


« 


SIGNETICS 
8T32 


"^ DATA '' 












E( 


LS375 

OR 

3UIVALENT 










1 






- 





























Figure 2-21. Extended Microcode Select 
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When interfacing program storage composed of ROMs with an access 
time greater than 80 nanoseconds, the problems facing the designer 
are quite similar to those encountered when designing for slower 
working storage. Often, the solution to the problem is the same for 
both slower working storage and slower program storage. For 
example, an instruction cycle time of 500 nanoseconds will allow the 
designer to use either RAMs or ROMs (or both) having an access 
time of 120 nanoseconds. A solution for slow RAM is that of 
inserting software delays after each RAM address function. A 
software delay can be generated by moving a register to itself - the 
equivalent of a NOP. The drawback to using software delays is that 
they increase the required program storage. If, due to generation of 
software delays, program storage size becomes a problem, then the 
designer might consider hardware generation of delays. Figure 2-22 
illustrates a hardware implementation of a delay using a minimum 
of additional devices. 

This configuration is suitable for use with RAM devices having 
access times of up to 250 nanoseconds. By increasing the number of 
flip-flops, additional hardware delays may be added, based on the 
RAM access time requirements. 
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Figure 2-22. Hardware Delay Generation 
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A variation of this same scheme, which is suitable for use with 
program storage, is shown in Figure 2-23. In addition, it allows the 
designer to combine both bipolar and MOS ROMs within the same 
system. As in the previous example, a flip-flop is used to generate a 
hardware delay via the HALT input. Also, the program storage has 
been partitioned into two equal segments - one segment composed 
of bipolar ROMs, the other segment composed of MOS ROMs. The 
state of the most significant address bit determines which program 
storage segment is active. Other decoding schemes can be applied 
to partition the memory at different ratios. 
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Figure 2-23. Hardware Delay Generation With Program Storage Partitioning 
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2.4.2 I/O Interface 



Typical interfaces to the 8X300 employ the 8X32 latched 
addressable bidirectional I/O port. This device provides a single 
connection betv\/een the 8X300 I/O bus and the user status and data 
lines. A unique feature of this I/O port is the way in which it is 
addressed. Each I/O port has an 8-bit, field programmable address, 
used to enable the device. When the SC signal is high, data at the 
microprocessor port is treated as an address, if the address matches 
the I/O port's internally programmed address, the I/O port is latched 
into a selected state. The port remains selected until an address 
which does not match its internal address is presented, at which 
time the port is disabled. This feature eliminates the need for the 
additional hardware required for port enable decoding. The 8-bit 
address field, combined with the LB/RB select bits, allow selection 
of one of a possible 512 I/O ports. 



The only disadvantage of this device is the increase in software 
overhead and throughput time encountered when addressing is 
necessary. Faster I/O selection may be implemented by adding bits 
to the instruction word, similar to that which was done in Figure 
2-21. This technique, illustrated in Figure 2-24, allows an I/O port 
to be selected within the same instruction where it is used. By 
eliminating the need for the I/O port select instruction, important 
processor time is saved. 



The program memory extension is followed by D-type latches, and 
the latches in turn followed by a decoder. The outputs of the 
decoder, ANDed with the bank select signal, comprise the I/O port 
select circuitry. 
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Figure 2-24. Fast I/O Select For Small Systems 
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This method of fast I/O port selection is suitable for use in small 
systems. It can be used in the same system with normal select I/O 
(such as 8X32s), but when using fast I/O select the programmer must 
ensure that a programmable I/O port has not been left selected on 
the bank in use. 



On large systems extra delays may be encountered, with the result 
that it may be necessary to program the I/O port enable address in 
the instruction preceding its usage. A double set of D-latches are 
used as address hold latches to insure that the address appears 
sufficiently early in the instruction cycle. Refer to Figure 2-25. 
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Figure 2-25. Fast I/O Select For Large Systems 



In both examples, Figures 2-24 and 2-25, the program memory 
extension is usually made in increments of four or eight bits. If only 
one I/O port is to be enabled, then the remaining extension bits may 
be used for other control or display drive functions. If, on the other 
hand, a maximum of eight extension bits are decoded, this allows 
I/O port selection from up to 256 ports. 
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The preceding descriptions should not imply that up to 512 I/O 
devices can be directly attached to the 8X300 I/O bus. Special 
attention must be given to the fan-out and drive capabilities of the 
8X300. When a large number of I/O or memory devices are to be 
driven, consideration should be given to use of the Signetics 8T39 
addressable bus expander, and the Signetics 8T58 transparent bus 
expander. Each of these devices can buffer a block of 16 I/O ports 
v^hile adding only a single load to the device driving them. The use 
of these bus expanders may impact system cycle time due to the 
added delay in the data path. When calculating allov^able cycle 
time, the bus expander delays should be considered as additive to 
the I/O port delays so that a buffered I/O port actually appears as a 
slower I/O port. 



The left bank of devices in a maximum system might consist of one 
8T58 driving sixteen 8T39s, each 8T39 driving sixteen 8X32s. This 
results in a total of 256 usable I/O ports. 

NOTE: If, when operating with asynchronous I/O input data, the 
data on the IV bus changes arbitrarily during the execution of an 
instruction such as 

NZT PORT, ADDR 

where PORT references an IV bus source, the resulting branch 
address may be unpredictable. To avoid this, code 

MOVE PORT, REGX 
NZT REGX, ADDR 

where REGX is a scratch pad register. 



2.4.3 Data Conversion 



In recent years there has been considerably more demand of 
engineers to design systems in which analog and digital disciplines 
coexist. Thus, the field of data conversion was born. Data 
conversion covers a broad range product applications including 
automotive and audio, and for this reason it plays a part in our 
everyday lives. As technology advances, it is to be expected that 
the product application range will continue to grow. Data 
conversion systems will find greater usage in a variety of fields, 
particularly including those of energy conservation and home 
entertainment. 



2-42 



Operating principles of Analog-to-Digital and Digital-to-Analog 
converters are well-defined in textbooks and industrial nnanuals; 
therefore, the following discussions are aimed at acquainting the 
user with the problems involved in specifying D-to-A and A-to-D 
converters, and to aid the user in selection of these devices. 



Generally, the greatest problem facing the designer is that of device 
speed and/or accuracy versus cost. Quite often, as a device's speed 
increases its accuracy decreases. An increase in either speed or 
accuracy causes an increase in the cost of the device. For these 
reasons, a compromise is sometimes called for. The designer must 
consider speed, accuracy and cost in terms of system objectives. 
After determining the system objectives the following key 
specifications may be defined: 



1. Accuracy - the actual output level as related to a known 
reference 

2. Resolution - the smallest output increment that can be 
distinguished 

3. Speed - the length of time necessary to perform the desired 
function (typically, the sampling rate) 

4. Stability - the lack of sensitivity of a converter's 
characteristics to time and temperature. 



Once these specifications have been defined then the general price 
range of the device can be determined. 



When interfacing data conversion devices with the 8X300, it must be 
realized that the 8X300 operating at maximum speed (250 
nanosecond instruction cycle) is faster than the majority of data 
conversion devices currently available. The software and hardware 
must be arranged in a manner that will economically accommodate 
the data conversion device being used. For example, the designer 
might elect to use a Digital-to-Analog converter with a settling 
time of 500 nanoseconds. System requirements might dictate that 
the analog output level be held stable for one microsecond. This 
means that the digital inputs to the D-to-A converter must be held 
stable for a minimum of 1.5 microseconds. This is easily 
accomplished using a latched addressable I/O port such as the 
Signetics 8X32. Refer to Figure 2-26. The digital input word to the 
Signetics NE5008 is latched into I/O port number three. 
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Figure 2-26. Digital-to-Analog Converter Configuration 



The above described configuration is easily adapted for use as a 
successive-approximation Analog-to-Digital converter, and requires 
a minimum of additional hardware. Referring to Figure 2-27, a 
comparator has been placed on the output of the D-to-A converter. 
The output of the comparator is then connected to the UD-7 (LSB) 
input of I/O port number four. 
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Figure 2-27. Successive - Approximation 
Anaiog-to-Digitai Converter Configuration 



The objective is to successively turn-on each bit of the D-to-A 
converter, starting v/ith the most significant bit. An internal 
register of the 8X300 may be used as a successive-approximation 
register. As each bit is output to the comparator, it is checked for 
a compare condition v\/ith the analog input. If the D-to-A output 
compares lov\/ with respect to the analog input, a high is stored in 
the successive-approximation register for this respective bit 
position. If the D-to-A output compares high with respect to the 
analog input, a low is stored. After comparison and storage is 
completed for this bit posititon, the program loops back and the 
procedure is repeated for the next least significant bit. This process 
is repeated until all input bits to the D-to-A converter have been 
processed. Upon completion of the process, the digital word 
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stored in the successive-approximation register represents the 
analog input value with respect to the D-to-A converter. The 
successive-approximation routine is shown in Figure 2-28, 
Successive- Approximation Flowchart. 
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Figure 2-28. Successive-Approximation Flowchart 



This type of converter is somewhat slow, with speeds in the range of 
tens of microseconds. The actual speed is determined by a number 
of factors, including the settling time of the D-to-A converter and 
the resolution (8-, 10-, or 16-bits) desired. The latter affects the 
number of approximations that must be made. 
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2.5 8X300 INTERRUPT STRUCTURE 



Although the 8X300 microprocessor is a very fast device and in 
many cases external events occurring randomly and influencing the 
program flow may be discovered by means of a polling technique, 
there are instances v^hen the system must react immediately to such 
events. 



Because the 8X300 has no interrupt facility, it is necessary to add 
hardware to obtain such a facility. This hardware should perform 
the following actions on receipt of an interrupt signal: 

- save the current Program Counter contents 

- retain the last used IVL and IVR addresses 

- make the program jump to a fixed (interrupt) address 

- detect a return instruction 

- restore the IVL and IVR addresses 

- restore the original contents of the Program Counter 



Any registers which are used in the interrupt routine should also be 
saved and restored on return; this is done in software as is the 
restoration of the IVL and IVR addresses, although the saving is 
done by hardware. To save and restore various items, a RAM of at 
least ten bytes is required. However, it is assumed that a 256 byte 
RAM is available, connected to the right bank. 



To provide an interrupt facility for 8X300 systems, it is necessary to 
add the following hardware: 

a) EXECUTE decoding - Interrupts must be inhibited during an 
EXECUTE instruction 

b) Return decoding - 717777 (JMP 17777) is used as a return 
instruction. The address 17777 must be decoded 

c) Interrupt control - The Interrupt signal has to be synchronized 
with the Master Clock, and various control signals have to be 
generated 

d) Return Address Register 

e) Interrupt Vector logic - This logic forces a jump to the interrupt 
address on the instruction bus 

f) IVL, IVR Save logic - It is necessary to retain the last IVL and 
IVR addresses selected before the interrupt, to be able to 
restore these addresses on return 
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g) Priority logic - If more than one interrupt request is given at one 
time, the priority between them has to be determined and a 
different interrupt address allocated to each interrupt level. 



Figure 2-29 shows the block diagram of the hardware. 



On a right bank select instruction, the address is stored in the 8X31 
latches. The three-state outputs of the latches drive the address 
inputs of the eight RAM circuits. The data connections of the RAM 
and the I/O ports are wired to the I/O bus. 



In the interrupt logic, an interrupt signal is sent to the Interrupt 
Control device. A Return Address Clock is then given to store the 
current address in the Return Address Register. Generally, the 
current address is equal to the contents of the Program Counter 
(PC). Only when an Execute instruction occurs are the contents of 
the address bus not equal to that of the PC. This condition is 
detected by decoding the first three bits of the instruction bus, and 
defers the interrupt. When the interrupt is given, the PROM is 
disabled and a JMP instruction to the interrupt address is forced on 
the instruction bus by the Interrupt Vector, coincident with a 
Vector Enable signal. 



During the running of the main program, prior to the interrupt, IVL 
and IVR addresses are stored in RAM locations 255 and 254 
respectively. This is done when the Select Control (SC) signal is 
active. When an interrupt occurs, the Save Logic is disabled and the 
last IVL and IVR addresses are retained in locations 255 and 254. 
Just before the return, these addresses must be fetched to reselect 
the original left and right I/O ports (or RAM location). 

The return instruction is 717777. The address 17777 is decoded and 
again causes a PROM Disable. The contents of the Return Address 
Resister are forced on the instruction bus by means of the RETURN 
ADDRESS ENABLE signal while the three most significant bits are 
"1". Thus, a JMP to the return address is made. 



An INTERRUPT INHIBIT signal may be generated by software and 
taken from a bit of an I/O port, or it may be generated somewhere 
else in the system. The interrupt signal is inhibited from generating 
an interrupt, but the interrupt may remain pending until the 
INTERRUPT INHIBIT signal is removed. 
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when an interrupt occurs, a signal INTERRUPT ACKNOWLEDGE is 
generated. The timing depends upon whether a handshake interrupt 
or an edge and stobe interrupt is chosen. 



The implementation of the interrupt facility as described requires 
20 DIL devices. 









































8X300 


I/O BUS 




^. 


I/O PORT 


- 






""^ 




^~1 


ADDRESS INSTRUCTION ^ 


















^ 


I/O PORT 






. 


INTERRUPT 
VECTOR 


VECTOR 
^ ENABLE 




^■nn 






m 


"' 


— 












♦ 


1 














» 


RETURN ADDRESS 
REGISTER 




V 






* 


^^^g 


EXECUTE 










r- 


r 


' 


^ 


RAM 




1 


J 








RETURN ADDRESS ENABLE ■ 






IVL, IVR 
SAVE 
LOGIC 


- 


^ 


H 




RETURN ADDRESS CLOCK | 








DISABLE ^ 








^777 1 












ADDRESS 
PORT 




^ ADDRESS 1 








1 ^ ■ 








J 


1 




' 








^ 








m 




■ 


J^^BI^^HHi 




















PROM 


PROM 
DISABLE 


INTERRUPT 
CONTROL 




INTERRUPT INHIBIT 






NTERRUPT SIGNAL 
NTERRUPT ACKNOWLEDGE 







































Figure 2-29. Typical Interrupt Block Diagram 



2.5.1 Execute and Return Decoding 



The EXECUTE and RETURN decoding logic is shown in Figure 2-30. 
When an EXECUTE instruction (opcode 100) is encountered, the 
content of the address bus is not equal to that of the Program 
Counter. At that moment no interrupt may occur. To detect 
whether an EXECUTE instruction is being performed, however, 
requires a delay of the trailing edge of MCLK because the 
instruction bus becomes valid after this trailing edge. Prior to the 
leading edge of the next MCLK the address changes, causing the 
instruction to also change. 
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Figure 2-30. Execute and Return Decoding 

The instruction is decoded and clocked into a flip-flop about 50 
nanoseconds after the trailing edge of MCLK. The output of the 
flip-flop is used to stop the interrupt (see Figures 2-31 and 2-32). 



To save some hardware, it is also possible to inhibit the interrupt by 
means of software. In that case the hardware decoding and clocking 
is not required, but before each EXECUTE instruction, one has to 
make sure that the INTERRUPT INHIBIT signal is active. 

At the end of the interrupt routine, an instruction, 717777, has to be 
given to indicate a return. The address 17777 is on the address bus 
and is decoded to form the RETURN signal. If 4K or less of 
program memory is used, the decode logic (13-input gate) is no 
longer necessary since the MSB(AO) alone may be used to signal a 
return, that is, a jump to any address 4096. 
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Figure 2-32. Interrupt Control (Edge And Strobe) 
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2.5.2 Interrupt Control (Handshake) 



The timing of the handshake procedure is shown in Figure 2-33. The 
time between the activation of the INTERRUPT signal and the 
leading edge of INTERRUPT ACKNOWLEDGE (time A) is Tcyde + 
10 nanoseconds minimum, and 3 x tcycle "^ ^^ nanoseconds 
maximum, (when Execute has to be taken into account). 



The time between the de-activation of the INTERRUPT signal and 
the trailing edge of INTERRUPT ACKNOWLEDGE (time B) is 10 
nanoseconds mimimum, and 3/4 x tovoio + 50 nanoseconds 
maximum. 
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Figure 2-33. Handshake Timing 



The INTERRUPT signal must remain active until the INTERUPT 
ACKNOWLEDGE goes high. The INTERRUPT ACKNOWLEDGE is 
de-activated when the INTERRUPT signal is no longer active. 



When an INTERRUPT signal occurs with no INTERRUPT INHIBIT 
present, the signal is synchronized in flip-flops SYNCl and SYNC2 
because the output of SYNCl may be a very small pulse if the 
INTERRUPT signal occurs very near the leading edge of MCLK. If 
there is an EXECUTE instruction, the setting of SYNC2 is inhibited 
for one cycle. When 5YNC2 is set, the signals PROM DISABLE, 
RETURN ADDRESS CLOCK and INTERRUPT VECTOR ENABLE 
become active. The acknowledge flip-flop (ACKN) is also set. 
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The interrupt disable flip-flop (INTDIS) is set to 1 at the trailing 
edge of MCLK. The signal SAVE LOGIC DISABLE may only become 
active after MCLK, as the previous instruction might have been an 
I/O select instruction and the I/O address still has to be saved in the 
RAM. SYNCl and SYNC2 are reset mth the next MCLK because of 
INTDIS and ACKN, respectively. ACKN remains set as long as the 
INTERRUPT signal is active, and is reset at the MCLK following 
de-activation of the INTERRUPT signal. 

When a return instruction is given (717777) INTDIS is reset, the 
PROM disabled and the output of the Return Address Register is 
forced on the instruction bus. Thus, a jump to the return address 
occurs. The SAVE LOGIC DISABLE signal is de-activated, so I/O 
addresses are saved again. 



2.5.3 Interrupt Control (Edge and Strobe) 



The interrupt control logic is shown in Figure 2-32, with the timing 
shown in Figure 2-34. 



The width of the INTERRUPT signal (time A in Figure 2-34) must be 
25 nanoseconds, minimum. 



The time between the activation of the INTERRUPT signal and the 
leading edge of INTERRUPT ACKNOWLEDGE (Time B) is t^ycle + 
10 nanoseconds, minimum, and 3 x t^ycig + 60 nanoseconds, 
maximum (when EXECUTE has to be taken mto account). 



The width of INTERRUPT ACKNOWLEDGE (time C) is tcyde* 
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Figure 2-34. Edge and Strobe Timing 
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The positive edge of the INTERRUPT signal triggers the interrupt 
flip-flop (INTFF). Then the synchronizaion is accomplished in the 
same way as in the handshake procedure. INTERRUPT 
ACKNOWLEDGE is derived from the SYNC2 output. 



2.5.4 Return Address Register And Interrupt Vector 



The Return Address Register is built up of four 8T10 three-state 
quad D-type flip-flops. Refer to Figure 2-35. The inputs are 
connected to the address bus, but the three most significant bits are 
tied to "1", providing a JMP opcode (111) at the outputs, which are 
connected to the instruction bus. 
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Figure 2-35. Return Address Register 



The Interrupt Vector consists of 8T97 tri-state buffers. Refer to 
Figure 2-36. The inputs may be chosen to be or 1 by means of 
straps, jumpers, or switches to form the start address of the 
interrupt routine. The three most significant bits, however, must be 
"1" to provide a JMP opcode. 

In the case of eight levels of interrupt priority, the three least 
significant bits form the interrupt code. 
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Figure 2-36. Interrupt Vector Logic 



At the start of an interrupt, the RETURN ADDRESS CLOCK loads 
the Return Address Register with the current address, and the 
INTERRUPT VECTOR ENABLE forces a jump to the interrupt 
address on the instruction bus. 



At the return, RETURN ADDRESS ENABLE forces a jump to the 
original address on the instruction bus. 



2.5.5 I VL, I VR Storage Logic 



The IVL and IVR storage logic is illustrated in Figure 2-37. With a 
256 byte RAM (eight 82S116's), an 8X31 8-bit latched bidirectional 
I/O port may be used as address latches. When a right I/O select 
occurs, the I/O address is latched in the 8X31, and in a following 
instruction data can be transferred in or out of the RAM. 



With the interrupt circuitry, the 8X31 retains its function as 
RAM-address latches, but with an I/O select instruction (SC active) 
the output is disabled and the 8T97 three-state buffers force the 
address 255 or 254 on the RAM address bus. If the SAVE LOGIC 
DISABLE is not active, the I/O address on the data bus is written 
into the RAM at address 255 (left IV) or 254 (right IV) by means of 
the Write Enable input (WE). If SAVE LOGIC DISABLE is active. 
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the writing of I/O addresses is inhibited. Only data that has to be 
written into the RAM at a specifc address will be written by means 
of the Write Control (WC) signal, if the RB signal is active to enable 
the RAM by means of the CEl input. Only one of the eight RAM 
cells, 82S116, has been drawn in Figure 2-37. 




Figure 2-37. IVL, IVR Storage Logic 



2.5.6 Priority Interrupt Levels 



Figure 2-38 shows part of the logic for an eight level interrupt 
priority. The remainer of the interrupt control logic is depicted in 
Figure 2-32. (Edge and Strobe), with the exception that one 
interrupt flip-flop (INTFF) is replace by a number of flip-flops, 
INTFFA, INTFFB, etc. A handshake procedure is also possible. 
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In total, eight interupt requests may be given. As an example, 
INTREQA is chosen as an edge-trigger interrupt while INTREQH is 
treated in a handshake procedure. 

The eight interrupt request signals, INTREQA through INTREQH, 
either trigger an interrupt flip-flop or feed directly into a masking 
gate, with which it is possible to inhibit one or more chosen levels. 
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Figure 2-38. Priority Interrupt Level Logic 

INT MASK signals come from an I/O port, so that masking may be 
done by software. A general interrupt inhibit may be applied if a 
signal is fed to the EI input of the encoder. If this is not requried, 
the EI input should be tied to ground. The priority of the incoming 
interrupts is determined in the priority encoder. If at least one 
interrupt request is active at the input of the encoder, an 
INTERRUPT signal is generated for the Interrupt Control (Figure 
2-32). The code of the active interrupt with the highest priority is 
clocked into the flip-flops of the 74175, coincident with the 
INTERRUPT ACKNOWLEDGE from Interrupt Control. 
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The outputs of the flip-flops are used as the three least significant 
bits of the Interrupt Vector to provide eight different start 
addresses for the interrupt routines. 

They are also decoded to form an acknowledge signal indicating 
which interrupt request has been served. In the handshake procedue 
this signal sets the acknowledge flip-flop (ACKN). The acknowledge 
flip-flop is reset only when the INTREQ signal is de-activated. With 
this logic, however, the INTREQ signal must be de-activated before 
the end of the interrupt routine (return instruction), otherwise, the 
routine may be repeated. 
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APPENDIX A 
8X300 FAMILY DATA SHEETS 
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Figure 1. CPU Architecture and PiN Designations For 8X300 Microcontroller 



BIPOLAR LSI DIVISION 



ARCHITECTURAL OVERVIEW 

The Signetics 8X300 Microcontroller (Figure 1) Is a high- 
speed bipolar microprocessor implemented with low-power 
Schottky technology. The 8X300 brings together all the 
qualities needed— SPEED, FLEXIBILITY, and ECONOMY— 
for systems design in the many areas that require reliable bit 
stream management. Consider!— 5V operation, TTL bus 
compatibility, and an on-chip clock — the result, a system 
with fewer parts. Consider!— the inherent power of LSI logic 
(programmable Rotate, Mask, Shift, and Merge functions in 
the data-processing path) and the ability to Fetch, Decode, 
and Execute a 16-bit instruction in a minimum of 250- 
nanoseconds — the result, a system with superior bit 
handling capabilities. Consider!— the 250ns cycle time in 
conjunction with extended microcode — the result, the flexi- 
bility of bit-slice devices with the programming ease of MOS 
microprocessors. Now, consider the results! — a device tai- 
lored to bit-stream management in the areas of Industrial 
Control, Input /Output Control, and Data Communications. 

The 8X300 uses three separate buses— one for 13-bit in- 
struction addresses, one for 16-bit instructions, and a 
bidirectional 8-bit input /output data bus; except for the I/O 
bus, there are no time multiplexing of functions. 

PIN CONFIGURATION 




FEATURES 

• Fetch, Decode, and Execute a 16-bit instruction in a 
minimum of 250-nanoseconds (one machine cycle) 

• Bit-oriented instruction set (addressable singie-or- 
multiple bit subfields) 

• Separate address, instruction, and I/O buses 

• Source/destination architecture 

• On-Chip oscillator and timing generation 

• Eight 8-bit working registers 

• TTL inputs and outputs 

• Bipolar Low-Power Schottky technology 

• 3-State I/O bus 

• Single -I-5V supply 

ORDERING INFORMATION 
Commercial 

Order number: N8X300I 

Packaging information: Refer to Signetics price list 

Supply voltage: 5V ( ± 5%) 

Operating temperature range: 0°C to -l-70°C 

Military 

Order number: S8X300-1 

Packaging information: Refer to Signetics price list 

Supply voltage: 5V ( ± 5%) 

Operating temperature range: — 40°C to -l-100°C 

Order number: S8X300-2 

Packaging information: Refer to Signetics price list 

Supply voltage: 5V (±10%) 

Operating temperature range: — 20°C to -f-100°C 
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PIN NO. 
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NAME AND FUNCTION 



ACTIVE STATE 



2-9/45-49 



A0-A12 



Program Address Lines: These outputs permit direct addressing of up to 8192 words of program 
storage. A high voltage level equals a binary "1"; A12 is Least Significant Bit. 



High 



13-28 



10-115 



Instruction Lines: These input lines receive 16-bit instructions from program storage. A high voltage 
level equals a binary "1"; 115 is Least Significant Bit. 



High 



33-36 
38-41 



IV0-IV7 



Input/Output Bus: These bidirectional three-state lines communicate with up to 512 I/O devices (256 
per bank). A low voltage level equals a binary "1"; IV7 is Least Significant Bit. 



Low 



10& 11 



XI &X2 



Connections for a capacitor, a series-resonant crystal, or an external clock source with complemen- 
tary outputs. For precise frequency control, a crystal or external source is required. 



42 



MCLK 



Master Clock: This output is used for clocking I/O devices and /or synchronization of external logic. 



High 



30 



WC 



Write Command: When signal is high (binary 1), data is being output on pins IV0-IV7 of I/O bus. 



High 



29 



SC 



Select Command: When signal is high (binary 1), an address Is being output on pins IV0-IV7 of I/O 
bus. 



High 



31 



LB 



When the LB signal is low (binary 0), any one of up-to-256 I/O devices (or memory locations) in the left 
bank can be accessed. When the address of a particular device (or memory location) matches the 
address on the IV bus, that particular device (or memory location) is enabled and selected for 
input /output operations. All addresses on the left bank that do not match are deselected. 



Low 



32 



RB 



When the RB signal is low (binary 0), any one of up-to-256 I/O devices (or memory locations) in the 
right bank can be accessed. When the address of a particular device (or memory location) matches 
the address on the I/O bus, that particular device (or memory location) is enabled and selected for 
input /output operations. All addresses on the right bank that do not match are deselected. 



Low 



43 



RESET 



When reset input is low (binary 0), the microcontroller is initialized — sets Program Counter /Address 
to zero and inhibits MCLK output. 



Low 



44 



HALT 



When halt input is low (binary 0), internal operation of microcontroller stops at the start of next 
instruction. The stop function does not inhibit MCLK or affect any internal registers. 



Low 



50 



VR 



Internally-generated reference output voltage for external series-pass transistor. 



VCR 



Regulated voltage input from series-pass transistor (2N5320 or equivalent). 



12 



GND 



Circuit ground. 



37 



Input connection for +5V power. 



Figure 2. Typical 8X300 System witli Pin Definitions 
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TYPICAL 8X300 SYSTEM HOOKUP 

Although the system hookup shown in Figure 2 is of the 
simplest form, it provides a fundamental look at the 8X300 
microcontroller and peripheral relationships. As indicated, 
program storage can be either ROM or PROM and, by using 
various addressing-methods /decoding-schemes, memory 
paging techniques can be easily implemented. Also, by 
proper bit assignment, some external interface logic and, 
under software control, the program memory can be used as 
a storage device for interrupt-service subroutines. The user 
interface (IV0 through IV7) is capable of addressing 256 
Input /Output ports and, with the additional bank-select bit 
(LB and RB), the number of addressable I/O ports is 512 — 
the left bank and right bank each consisting of 256 ports. 
The I/O ports of each bank can be used in a variety of ways; 
one of these ways is shown in Figure 2. When LB is active 
low, the left bank can be enabled and, providing there is an 
address match, anyone of 128 I/O ports or anyone of 128 
locations within the RAM memory can be accessed for 
input /output operations. When RB is active low, the same 
set of conditions are applicable to the right bank. With some 
sacrifice in speed, any given I/O port can be interfaced to a 
memory peripheral or other I/O device of the user. 

PROGRAM STORAGE INTERFACE 

As shown in Figure 2, program storage is connected to 
output address lines AO through A12 (A12 = LSB) and input 
instruction lines 10 through 115. An address output on 
A0/A12 identifies one 16-bit instruction word in program 
storage. The instruction word is subsequently input on 
10/115 and defines the microcontroller operations which are 
to follow. 

The Signetics 82S1 15 PROM or any TTL-compatible mem- 
ory can be used for program storage. (Note. The worst-case 
access time depends upon the instruction cycle time, and 
also, the overall system configuration.) 

I/O INTERFACE AND CONTROL 

An 8-bit I/O data bus is used by the microcontroller to com- 
municate with two fields of I/O devices. The complementary 
LB and RB signals identify which field of the I/O devices is 
enabled. 

Both data and address information are output on the I/O 
bus. The SC (Select Command) and WC (Write Command) 
signals distinguish between data and address information 
as follows: 



SC 


WC 


FUNCTION 


High 


Low 


I/O address Is being output on the 
I/O (IV) bus 


Low 


High 


I/O data is being output on the I/O 
(IV) bus 


Low 


Low 


Input data expected from selected 
I/O device 


High 


High 


Invalid (not generated by 8X300) 



DATA PROCESSING 

From a data proceeding point of view, the 8X300 
microcontroller chip (Figure 1) contains eight 8-bit working 



registers (R1 through R6, R11, Auxiliary), an arithmetic 
logic unit (ALU), an overflow register (OVF), rotate /shift/ 
mask /merge logic, and a bidirectional 8-bit I/O bus. Internal 
8-bit data paths connect the registers and I/O bus to the 
ALU inputs, and the ALU output to the registers and I/O bus. 
Inputs to the ALU are preceded by the data-rotate and data- 
mask logic and the ALU output is followed by the shift and 
merge logic. Any one or all of the logic functions can operate 
on 8-bits of data in a single instruction cycle. Data from the 
source register can be right-rotated (end around) before 
processing by the ALU; external data (I/O bus) can also be 
masked to isolate a portion of the 8-bit field. Since the ALU 
always processes 8-bits of data, bit positions not specified 
by the mask operation are filled with zeroes. 

When less than 8-bits of data are specified as output to the 
I/O bus from the ALU, the data field (shifted and masked, as 
required) is merged with prior contents of the I/O latches to 
form the output data. Bit positions of the I/O data not 
affected by the logic operations are not modified. Depend- 
ing upon whether an I/O peripheral or an internal register 
is specified in the instruction as the source of data, the 
I/O latches contain, respectively, l/O-bus source data or 
destination data. For instance, when an internal register is 
specified as a source of data and an I/O peripheral as the 
destination, data from the peripheral is read into the I/O 
latches at the start of the instruction cycle; processed data 
is then merged with contents of the I/O latches to form the 
I/O output data at the end of the instruction cycle. When an 
I/O peripheral is specified as both data source and destina- 
tion, data from the source is used both as the input to the 
I/O latches and as data to be processed; the processed 
data is then merged with data from the I/O latches to form 
the previously-described I/O bus output. If the data source 
and destination are on opposite banks of the 8X300 bus, the 
destination data is written with a full 8-bits, since the prior 
contents were not stored in the I/O latches. 

INSTRUCTION CYCLE 

Each microcontroller operation is executed in a single in- 
struction cycle. The instruction cycle is divided into quarters 
with each quarter cycle being as short as 62.5- 
nanoseconds. Figure 3 shows the general functions that 
occur during each quarter cycle; specifics regarding 
minimum /maximum timing and other critical values are de- 
scribed under "Design Parameters" in this data sheet. Dur- 
ing the first quarter cycle, a new instruction from program 
storage is input on signal lines 10 through 115; simulta- 
neously, new data is fetched via the input /output bus (IVO 
through IV7). At the end of the first quarter cycle, the new 
instruction is latched in the instruction register and the new 
I/O data is present at the input of the chip but is not, as yet, 
latched by the IV latches. 

In the second quarter cycle, the I/O data stabilizes and 
preliminary processing is completed; at the end of this quar- 
ter, the IV latches are closed and final processing can be 
accomplished. During the third quarter cycle, the address 
for the next instruction is output to the I/O (IV) bus, control 
signals are generated, and I/O data is setup for the output 
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phase. During the fourth quarter cycle, a master clock signal 
(MCLK) generated by the 8X300 is used to latch valid ad- 
dress or data into peripheral devices connected to the IV 
bus; MCLK is also used to synchronize any external logic 
with timing circuits of the 8X300. To summarize the action, 
the first half of the instruction cycle deals primarily with input 
functions and the second half is mostly concerned with 
output functions. 



J 



r 



h- 



1ST QUARTER 
(62.5 ns) 



2ND QUARTER 
(62.5 ns) 



3RD QUARTER 
(62.5 ns) 



4TH QUARTER 
(62.5 ns) 



INPUT INSTRUCTION A 
FETCH NEW DATA 



LATCH a PROCESS 
INPUT DATA 



1 



NEXT INSTRUCTION 
ADDRESS, GENERATE 
CONTROL SIGNALS, 

AND SETUP I/O 
DATA FOR OUTPUT 



I/O ADDRESS OR 
I/O DATA VALID 



MCLK— ACTIVE STATE 



1. 



NOTES 

1. New instruction must be accepted and latched at end of first quarter cycle. 

2. The I/O data latches are open for the first two quarter cycles, that is, for 125- 
nanoseconds. 

3. The address is output during third quarter cycle. 

4. I/O bus drivers are active (turned on) during third and fourth quarter cycles. 



Figure 3. Instruction Cycle and MCLK with: Crystal = 8MHz 
and Cycle Time = 250 ns 

INSTRUCTION SET 

General Format and Basic Operations 

The 16-bit instruction word (10 through 15) from program 
storage is input to the instruction register (Figure 1) and is 



subsequently decoded to implement the events to occur 
during the current instruction cycle. The instruction word is 
formatted as follows: 

BIT POSITIONS — 



MSB 

\ 


LSB 


1 2 


3 4 5 6 7 8 9 10 11 12 13 14 15 


OPCODE 


OPERAND(S) 



Rather than discrete instructions, the three operation code 
(OP CODE) bits specify eight instruction classes. Each in- 
struction class is subject to a number of powerful variations; 
these variations are specified by the thirteen operand bits. 
General areas of control for the eight instruction classes 
are: 

• Arithmetic and Logic Operations (ADD, AND, AND XOR) 

• Movement of Data and Constants (MOVE and XMIT) 

• Branch or Test (JMP, NZT, and XEC) 

Basic operations for each of the eight instruction classes 
are as follows; a summary of the instruction set is provided 
in Table 1. 

MOVE — data in source register or l/O-bus input is moved to 
destination register or l/O-bus output. Data can be shifted 
any number of places and/or masked to any length. 

ADD — data in source register or l/O-but input is added to 
content of AUX (RO) register and the result is placed in the 
destination register or l/O-bus output. Data can be shifted 
and /or masked, as required. 



Table 1. Summary of 8X300 Instruction Set 



INSTRUC 
CLASS 



OPCODE 



FORMATS 



DESCRIPTION 



I/O CONT 
SIG 



STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE 



INPUT PHASE 
(INSTRUCTION 
INPUT & DATA 
PROCESSING) 



OUTPUT PHASE 

(ADDRESS a 

I/O BUS) 



F1: Register to Register 



1 2 


3 4 5 6 7 


8 9 10 


11 12 13 14 15 


OPCODE 


S 


R 


D 



Invalid values of "S": 

078. 178- 208-378 
Invalid values of "D": 
IOq, 208-378 



(S)-D 

Move content of internal register specified by 
S-field to internal register specified by D-field. 
Prior to the "MOVE" operation, right-rotate 
contents of internal source register by octal 
value (0 through 7) defined by the R-fleld. 



SC = 
WC 
LB = 
LB = 



H If "D" = 07g 

L 

H if "D" = 17= 



F2: I/O Bus to Register 



1 2 


3 4 5 6 7 


8 9 10 


11 12 13 1415 


OPCODE 


S 


L 


D 



Valid values of "S": 208-378 
Invalid values of "D": 108, 208*378 



Move right-rotated I/O bus (source) data 
specified by the S-field to internal register 
specified by the D-field. The L-field specifies 
the length of source data starting from the 
LSB-position and, if less than 8-bits, the re- 
maining bits are filled with zeroes. 



SO = 
WC 
LB = 
LB = 



L 

L 

L if "S" = 208-278 

H if "S" = 308-378 



H if "D" = 073, 

L 

Hif "D" = 178 

L if "D" = 078 



F2: Register to I/O Bus 



123 


4 5 6 7 


8 9 10 


11 12 13 14 15 


OPCODE 


S 


L 


D 



Invalid values of "S": 073, 173, 208, "^^8 
Valid values of "D": 203-378 



Move contents of internal register specified by 
the S-field to the I/O latches. Before 
outputting on I/O bus, data is shifted as speci- 
fied by the least significant octal digit of the D- 
field and the bits specified by the L-field are 
merged with the latched I/O data. 



SO = 

WC ■■ 
LB = 
LB = 



L if "D" = 203-273 
H if "D" = 3O3-378 



L 

H 

L if "D" = 203-273 

H if "D" = 30o-37o 



F2: I/O Bus to I/O Bus 



1 2 


3 4 5 6 7 


8 9 10 


11 12 13 14 15 


OPCODE 


S 


L 


D 



Valid values of "S": 203-373 
Valid values of "D": 203-373 



Move right rotated l/O-bus (source) data 
specified by the S-field to the I/O latches. Be- 
fore outputting on I/O bus, shift data as speci- 
fied by the D-field: then merge source and 
latched I / O data as specified by the L (length) 
field. 



SC = 

WC ■■ 
LB = 
LB ■- 



L 
L 

L if "D" 
H if "D" 



■■ 203-273 
=308-373 



L 

H 

L if "D" = 2O3-278 

H if "D" = 303-373 
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Table 1. Summary of 8X300 Instruction Sat (Continued) 
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INSTRUC 
CLASS 


OPCODE 












DESCRIPTION 


I/O CONT 
SIG 


STATE OF CONTROL SIGNAL 
DURING iNSTRUCTiON CYCLE 


FORMATS 


INPUT PHASE 
(INSTRUCTION 
INPUT & DATA 
PROCESSING) 


OUTPUT PHASE 

(ADDRESS & 

I/O BUS) 


ADD 


1 


Same as MOVE instruction class 


(S) plus (AUX) — D 

Same as MOVE instruction class except that 
contents of AUX (RO) register are ADDed to 
the source data. If there is a "carry" from MSB, 
then OVF (overflow) = l. othonwise OVF = 0. 


Same as MOVE instruction class 


AND 


2 


Same as MOVE instruction class 


(S) A (AUX) — D 

Same as MOVE Instruction class except that 
contents of AUX (RO) register are ANDed with 
source data. 


Same as MOVE instruction class. 


XOR 


3 


Same as MOVE instruction class 


(S) ® (AUX) - D 

Same as MOVE instruction class except that 
contents of AUX (RO) register are exclusively 
ORed with source data. 


Same as MOVE instruction class. 


XEC 


4 


F3: RagltUr Immediate 


Execute Inatructlon at current page address 
offset by J (literal) + (S). Return to normal 
Instruction flow unless a branch is encoun- 
tered. 

Execute instruction at an address determined 
by replacing the low-order 8-bits of the Pro- 
gram Counter with the following derived sum: 

• Value of literal (J-field) plus 

• Contents of internal register specified by S- 
field 

The PC is not incremented and the overflow 
status (OVF) is not changed. 


SC = 
WC = 
LB = 


L 
L 
X 


L 
L 
X 


1 2 


3 4 5 6 7 


a 9 10 11 12 13 14 IS 


OPCODE 


S 


J 


Invalid values of "S": 
078.178.208-378 

Valid values of "J": 
0008-3778 


F4: I/O But Immediate 


Execute instruction at an address determined 
by replacing the low-order 
5-bit8 of Program Counter with the following 
derived sum: 

• 5-bit value of literal (J-field) plus 

• Value of rotated source data specified by 
S-field (The L-field specifies the length of 
source data starting from the LSB-position 
and. if less than 8-blts, the remaining bits 
are filled with zeros; the Program Counter 
is not incremented and the overflow status 
(OVF) is not changed.) 


SC = 
WC = 
LB = 
LB = 


L 

L 

L if "S" = 20e-278 

H if "S" = 308-378 


L 
L 
X 
X 


1 2 


3 4 5 6 7 


8 9 10 


11 12 13 14 15 


OPCODE 


S 


L 


J 


Valid values of "S": 208-378 
Valid values of "J": 008-378 


NZT 


5 


F3: Register Immediate 


If data specified by the S-field is not equal to 
zero, Jump to current page address offset 
by value of J-field; otherwise, increment the 
Program Counter. 

If contents of internal register specified by S- 
field is non-zero, transfer to address deter- 
mined by replacing the low-order 8-bits of Pro- 
gram Counter with "J", otherwise, increment 
PC. 


SC = 
WC = 
LB = 


L 
L 
X 


L 
L 
X 


1 2 


3 4 5 6 7 


8 9 10 11 12 13 14 15 


OPCODE 


S 


J 


Invalid values of "S": 078. ^7^, 208-378 
Valid values of "J": 0008-3778 


F4: I/O Bu« Immediate 


If right-rotated I/O bus data is non-zero, trans- 
fer to address determined by replacing low- 
order 5-bits of Program Counter with "J", oth- 
erwise, increment PC. (The L-field specifies 
the length of source I/O data starting from the 
LSB-position and, if less than 8-bits, the re- 
maining bits are filled with zeroes.) 


SC = 
WC = 
LB = 
LB = 


L 

L 

L if "S" = 208-27g 

H if "S" = 308-378 


L 
L 
X 
X 


1 2 


3 4 5 6 7 


8 9 10 


11 12 13 14 15 


OPCODE 


S 


L 


J 


Valid values of "S": 208-378 
Valid values of "J": 008-378 


XMIT 


6 


F3: Regleter Immediate 


Transmit J — D 

Transmit and store 8-bit binary pattern in J- 

field to internal register specified by D-field. 


SC = 
WC = 
LB = 
LB = 


L 
L 
X 
X 


H if D = 078 °' '^8 

L 

Hit D= 178 

L if D = 078 


1 2 


3 4 5 6 7 


8 9 10 11 12 13 14 15 


OPCODE 


D 


J 


Invalid values of "D": 108, 208*378 
Valid values of "J": OOOg-3778 


F4: i/0 Bus immediate 


Transmit binary pattern in J-field to I/O bus. 
Before putting data on I/O bus, shift literal 
value "J" as specified by tha D-field and merge 
bits specified by the L-field with existing I/O 
bus data. If the L-field specifies more than 5- 
bits starting from the LSB-position, all remain- 
ing bits are set to zero. 


SC = 
WC = 
LB = 
LB = 


L 

L 

L if D = 208-278 

H if D = 308-37g 


L 

H 

L if D = 208-278 

H is D = 308-378 


1 2 


3 4 5 6 7 


8 9 10 


11 12 13 14 15 


OPCODE 


D 


L 


J 


Valid values of "D": 208-378 
Valid values of "J": 008-378 


JMP 


7 


F5: Addreee Immediate 


Jump to address in program storage specified 
by A-fleld; this address is loaded into the Ad- 
dress Register and the Program Counter. 


SC = 
WC = 
LB = 


L 
L 
X 


L 
L 
X 


1 2 


3 4 5 6 7 8 9 10 11 12 13 14 15 


OPCODE. 


A 


Valid values of A: 0O0OO8- 1 77778 



NOTES 

* RB Is complement of L§, X > Undefined 

8 
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AND — data in source register or l/O-bus input is ANDed 
with content of AUX (RO) register and the result is placed in 
the destination register or l/O-bus output. Data can be 
shifted and /or masked, as required. 

XOR — data in source register or l/O-bus input is exclusively 
ORed with contents of AUX (RO) register and the result is 
placed in the destination register or l/O-bus output. Data 
can be shifted and/or masked, as required. 

XMIT — immediate data field of instruction word replaces 
data in destination register or l/O-bus output. 

XEC — executes Instruction at the program address which is 
formed by replacing the least significant bits of the last 
address with the sum of: 

• Literal (J) field value of instruction plus, 

• Value of data in source register or l/O-bus input. 

NZT — least significant bits of program address are re- 
placed by literal (J) field of instruction if the source register 
or l/O-bus is not equal to zero. 

JMP — program address is replaced by address field of the 
instruction word. 

Instruction Fields 

As shown in Table 1, each instruction contains an operations 



code (OPCODE) field and from one-to-three operand fields. 
The operand fields are: Source (S), Destination (D), Rotate/ 
Length (R/L), Literal (J), and Address (A). The OPCODE 
and operand fields are briefly described in the following 
paragraphs. 

Operations Code Field: The three-bit OPCODE field speci- 
fies one of eight classes of 8X300 instructions; octal desig- 
nations for this field and operands for each instruction class 
are shown in Table 1 . 

Source (S) and Destination (D) Fieids: The five-bit (S) and 
(D) fields specify the source and destination of data for the 
operation defined by the OPCODE field. The Auxiliary (RO) 
register is an implied second operand for the ADD, AND, and 
XOR instructions, each of which require two source fields. 
That is, instructions of the form: 

ADD X, Y 

imply a third operand, say Z, located in the AUX (RO) regis- 
ter. Thus, the operation for the preceding expression is 
actually (X -I- Z), with the result stored in Y. The (S) and /or 
(D) fields can specify an internal 8X300 register or any one- 
to-eight bit I/O field; octal values for these registers and 
Source/ Destination field assignments are provided in Table 
2. 



Table 2. Octal Addresses of 8X300 Registers and Address/Bit Assignments of Source/ Destination Fields 



Octal Value 


8X300 Register 


Octal Value 


8X300 Register 


00 


Auxiliary (RO) 


10 


OVF (Overflow Register)— 
used only as a source 


01 


R1 


11 


R11 


02 


R2 


12 


Unassigned 


03 


R3 


13 


Unassigned 


04 


R4 


14 


Unassigned 


05 


R5 


15 


Unassigned 


06 


R6 


16 


Unassigned 


07 


*IOL Register— Left Bank 

I/O Address Register; 
Used only as destination 


17 


*IOR Register— Right Bank 
I/O Address Register; 
Used only as destination 



NOTE 

*lf lOL or lOR is specified as a source of data, the source data is all zeroes. 

NOTES: 
Octal Value 1. 203-2/3 specifies the LSB of a variable length field within the I/O port previously 

selected by the left-bank (lOL) register. Length of field is determined by R/L. 

2. 30g-373 performs the counterpart function for the right-bank register (lOR). 



12 3 4 5 6 7 



Note 1 -< 



y 

20 — F 

21 — Fi 

22 — F 

23 — F 

24 — F 

25 — F 

26 — Fi 
L 27 — Fi 

30 — F 

31 — Fi 

32 —F 

33 — F 

34 — Fi 

35 — F 

36 — Fi 

37 — F 



eld withi 
ield withi 
eld withi 
eld withi 
eld withi 
eld withi 
eld withi 
eld wIthi 
ield withi 
eld with] 
ield wIthi 
eld withi 
eld with 
eld with 
eld withi 
eld withi 



previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 
previously 



selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 
selected 



port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 
port with 



LSB position = 
LSB position = 1 ■ 
LSB position = 2 
LSB position = 3 
LSB position = 4 • 
LSB position = 5 • 
LSB position = 6 
LSB position = 7 
LSB position = 
LSB position = 1 ■ 
LSB position = 2 
LSB position = 3 ■ 
LSB position = 4 
LSB position = 5 
LSB position = 6 
LSB position = 7 
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Rotate (R) and Length (L) Field: The three-bit R/L field 
performs one of two functions, specifying either the field 
length (L) or a right-rotate (R). For a given instruction, the 
specified function depends upon the contents of the source 
(S) and destination (D) fields. 

• When an internal register is specified by both the source 
and destination fields, the (R) field is invoked and it speci- 
fies a right-rotate of the data specified in the (S) field — see 
accompanying diagram. The source-register data (up to 
eight-bits) is right-rotated v^ithin one instruction cycle. (The 
right-rotate function is implemented on the bus and not in the 
source register.) 

RIGHT-ROTATE FUNCTION 



Bit Position -■ 


- 


12 3 4 5 6 7 




















^ 










i 


k 


















1 


' 


^ 






^ 





When either or both of the source and destination fields 
specify a variable-length I/O data field, the (L) field speci- 
fies the length of the I/O data field — see accompanying 
diagram. If the source field specifies an I/O address (208- 
375) and the destination field specifies an internal register 
(008-068, 078, 1 1S- O"" 178). the L-field specifies the length 
of source data; the source data is formed by right-rotating 
the I/O bus data according to the source address (Table 2) 
and then masking result as specified by L-field. If length is 
less than eight-bits, all remaining bits are set to zero prior to 
processing data in the ALU. If the source field specifies an 
internal register (008,-068. 108, or 1 ^s) ^"d the destination 
field specifies I/O bus data (208-378), the L field specifies 
the length of the destination data. To form the destination 
data, the ALU output is left-shifted according to the destina- 
tion address (Table 2) and then masked to the required 
length— see DATA LENGTH SPECIFICATION. The destina- 
tion data is merged with data in the I/O latches to finalize 
the I/O bus data. Hence, a one-to-eight bit destination data 
field can be inserted into the existing eight-bit I/O port 
without modifying surrounding bits. If both the source and 
destination fields specify I/O bus data (208-378). the L- 
field specifies the length of both the source and destination 
data. 

DATA LENGTH SPECIFICATION 




To form the source data, the I/O bus data is right-rotated 
according to the source address (Table 2) and then masked 
to the required length — see preceding DATA LENGTH 
SPECIFICATION. If length is less than eight-bits, all remain- 
ing bits are set to zero before processing in the ALU. To 
form the destination data, the ALU output is left-shifted ac- 
cording to the destination address (Table 2) and masked to 
the required length specification. The destination data is 
then merged into the I/O bus data that was used to obtain 
the source; thus, if the source and destination addresses 
are on the same bank, the I/O bus data written to the desti- 
nation register appears unmodified, except for bits changed 
during the shift-and-mask operations. If the source and des- 
tination addresses refer to different banks, the destination 
register is changed to contain the contents of the source 
register in those bit positions not affected by the destination 
data. 

J-Field: The 5-bit or 8-bit (J) field is used to load a literal 
value (contained in the instruction) into a register, into a 
variable I/O data field, or to modify the low-order bits of the 
Program Counter. The bit-length of the (J) field is implied by 
the (S) field in the XEC, NZT, and XMIT instructions, based 
on the following considerations. 

• When the source (S) field specifies an internal register, 
the literal value of the J-field is an 8-bit binary number. 

• When the source (S) field specifies a variable I/O data 
field, the literal value of the J-field is a 5-bit binary number. 

A-Field: The 13-bit (A) field is an address field which allows 
the 8X300 to directly address up 8192 locations in Program 
Storage memory. 

INSTRUCTION SEQUENCE CONTROL 
Formation of Instruction Address 

The Address Register and Program Counter are used to 
generate addresses for accessing an instruction from pro- 
gram storage. The instruction address is formed in any one 
of four ways: 

• For all except the JMP, XEC, and a "satisfied" NZT in- 
struction, the Program Counter is incremented by one and 
placed in the Address Register. 

• For the JMP instruction, the 13-bit A-field contained in the 
JMP instruction word replaces the contents of both the 
Address Register and Program Counter. 

• For the XEC instruction, the Address Register is loaded 
with the high-order bits of the Program Counter modified 
as follows: 

XEC using I/O Bus Data: low order 5-bits of ALU output 
replaces counterpart bits in Address Register. 
XEC using Data from Internal Register: low order 8-bits 
of ALU output replaces counterpart bits in Address Regis- 
ter. 

The Program Counter is not modified for either of the 
above conditions. 

• For a "satisfied" NZT instruction, the low order 5-bits 
(NZT source is I/O Bus Data) or low order 8/ bits (NZT 
source is an Internal Register) of both the Address Regis- 
ter and Program Counter are loaded with the literal value 
specified by J-field of the instruction word. 
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Data Addressing 

The source and /or destination addresses of the data to be 
operated upon are specified as part of the instruction word. 
As shown in Table 3, source /destination addresses are 
specified using a five-bit address (OOs through 378). When 
the most significant octal digit is a or 1, the source and /or 
destination address is an internal register; if the most signifi- 
cant digit is a 2 or 3, an I/O bus address is indicated — 2 
specifying a left-bank (LB) address and 3 specifying a right- 
bank (RB) address. The least significant octal digit (0 
through 7) indicates either a specific internal register ad- 
dress or positioning information for the least significant bit 
when specifying I/O bus data. Referring to Table 1, the 
Auxiliary register (00) is the implied source of the second 
argument for the ADD, AND, and XOR operations. lOL (desti- 
nation address 07 q) and IVR (destination address 173) pro- 
vide a means of routing address information to I/O registers. 
With lOL or lOR specified as the destination address, the 
data is placed on the I/O bus during the output phase of the 
instruction cycle. Simultaneously, a select command (SO) is 
generated to inform all I/O devices that information on the 
I/O bus is to be considered as an I/O address. Since lOL 
and lOR are not harware registers, they should never be 
specified as a source address. 

Control outputs LB and RB are used to partition I/O bus 
devices into two fields of 256 addresses. With LB in the 
active-low state and a source address of 208-278, the left 
bank of I/O devices are enabled during the input phase of 
the instruction cycle. With RB in the active-low state and a 
source address of 308-378, the ri ght bank of devices are 
enabled. During the output phase, RB jS_low if the destina- 
tion address is lOR (178) O"" 308-378; LB is low if the desti- 
nation address is lOL (078) or 208-278. Each address field 



(LB and RB) can have a different I/O device selected; thus, 
two devices can be directly accessed within one instruction 
cycle. 

Table 3. Source /Destination Addresses 



Source and/or 
Destination 
Field (Octal) 


Source/Destination 


00 
01-06 

07 

10 
11 
17 

2N(N = 0, 1, 2,3 
4. 5, 6, or 7) 

3N(N = 0, 1,2,3, 
4, 5, 6, or 7) 


Auxiliary register (RO) 
Working registers R1-R6, respec- 
tively 

lOL Left-bank enable (Destination 
only) 

Overflow status— OVF (Source only) 
Working register R11 
lOR Right-bank enable (Destination 
only) 

If a source, I/O data is right-rotated 
(7 - N) bits and then masked as 
specified by the L-field. LB = low and 
RB = high generated during input 
phase. 

If a destination, I/O data is left-shift 
(7 — N) bits and merged (specified 
by L-field) with data contained in the 
I/O latches. LB = low and RB = high 
generated during output phase. 
If a source, I/O data is right-rotated 
(7 - N) bits and then masked as 
specified by the L-field. LB = high 
and RB = low generated during input 
phase. 

If a destination, I/O data is left-shift- 
ed (7 - N) bits and merged (speci- 
fied by L-field) with data contained in 
the I/O latches. LB = high and RB = 
low generated during output phase. 



DESIGN PARAMETERS 

Hardware design of an 8X300-based system largely con- 
sists of the following operations: 

• Selecting and interfacing a Program Storage device — 
ROM, PROM, etc. (Pins 2 through 9 and 45 through 49 
for 13-bit address interface; Pins 13 through 28 for 16- 
bit instruction interface.) 

• Selecting and interfacing Input/Output devices — 
RAM, Multiplexers, I/O Ports, and other eight-bit 
addressable I/O devices. (Pins 33 through 36 and pins 
38 through 41 for eight-bit I/O interface.) 

• Choosing and implementing System Clock — Capaci- 
tor-Controlled, Crystal-Controlled, or Externally-Driv- 
en. (Pins 10 and 11 for System Clocl( interface.) 



• Selection of 5-volt power supply and off-chip series- 
pass transistor. 

• External logic, as required, to meet the control re- 
quirements of a particular application. 

All information required for easy implementation of these 
design requirements is provided under the following cap- 
tions. 

• DC Characteristics 

• AC Characteristics 

• Timing Considerations 

• Clock Considerations 

• HALT/RESET Logic 

• Voltage Regulator 
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DC CHARACTERISTICS (Commercial Part) 4.75V < Vcc ^ 5.25V. o^c < Ta < 70°c 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


COMMENTS 


MIn 


Typ 


Max 


Vcc 


Supply voltage 




475 


6.0 


5.25 


V 


5V ± 5%; pin 37 only 


V|H 


High level 
input voltage 




0.6 
2.0 




2.0 


V 


XI and X2 
All other pins 


V|L 


Low level 
input voltage 








0.4 
0.8 


V 


XI andX2 
All other pins 


VOH 


High level 
output voltage 


Vcc = min; Iqh = -3mA 


2.4 


3.0 




V 




Vol 


Low level 
output voltage 


Vcc ~ f"'"' 'OL ~ 6mA 
Vcc ~ f"'"; 'OL ~ 16mA 




0.39 
0.39 


0.55 
0.55 


V 


AO through A1 2 
All other outputs 


VcR 


Regulator voltage 


Vcc = 5V 




3.1 




V 


From series-pass 
transistor 


V|C 


Input clamp voltage 


Vcc = "!'"; 'in ~ -10mA 






-1.5 


V 


Crystal inputs XI and X2 do 
not have internal clamp diodes. 


l|H 


High-level input 
current 


Vcc = '"ax; V|H = 0.6V 
V|H = 4.5V 


1.0 


1.7 
1 


3.0 
50 


mA 


XI and X2 
All other pins 


l|L 


Low-level input 
current 


Vcc = niax; V|l = 0.4V 




-0.13 
-0.67 
-0.23 


-3 
-0.2 
-1.6 
-0.4 


mA 


XI andX2 

IV0-IV7 

10-115 


HALT and RESET 


'OS 


Short circuit 
output current 


Vcc = max; Vqr = Vqrh 

(Note: At any time, no more 

than one output should be 

connected to ground.) 


-30 




-140 


mA 


All output pins 


'cc 


Supply current 


Vcc = max; Vqr = Vqrh 






150 


mA 




Ireg 


Regulator control 


Vcc = 5.0V 


-14 




-21 


mA 




'CR 


Regulator current 


Vcc = max 






250 


mA 





NOTES: 

1. Operating temperature ranges are guaranteed after thermal equilibrium has been 2. 

reached. 



All voltages measured with respect to ground terminal. 



AC CHARACTERISTICS (Commercial Part) conditions.- Vqc = 5V (±5%), Vjn = ov or 3V, o°c < Ta < 70°c 

LOADING: (See test circuits) 



PARAMETER 
(NOTE 1) 


LIMITS (INSTRUCTION 
CYCLE TIME = 250 ns) 


LIMITS (INSTRUCTION 
CYCLE TIME > 250 ns) 


UNITS 


COMMENTS 


Min 


Typ 


Max 


Min 


Typ 


Max 


TPC 


Processor cycle time 


250 






250 






ns 




TCP 


XI clock period 


125 






125 






ns 




TCH 


XI clock high time 


62 






62 






ns 




TCL 


XI clock low time 


62 






62 






ns 




tmch 


MCLK high delay 


31 


42 


52 


31 


42 


52 


ns 




tmcl 


MCLK low delay 


31 


42 


52 


31 


42 


52 


ns 




TW 


MCLK pulse width 


55 


62 


69 


T4Q-7 


T4O 




ns 


Note 2 


tas 


XI falling edge to 
address stable 


50 


63 


80 


50 


63 


80 


ns 


Note 7 
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AC CHARACTERISTICS (Commercial Part) conditions: 
(Continued) loading: 



Vqc = 5V (±5%), V|N = OV or 3V, 
(See test circuits) 



0°C < Ta < 70°C 



PARAMETER 
(NOTE 1) 


LIMITS (INSTRUCTION 
CYCLE TIME = 250 ns) 


LIMITS (INSTRUCTION 
CYCLE TIME > 250 ns) 


UNITS 


COMMENTS 


Min 


Typ 


Max 


MIn 


Typ 


Max 


TmAS MCLK falling edge to 
address stable 


130 


143 


160 


■•■10+120 
+5 


■'■1Q+T2Q 

+ 18 


■'■1Q+T2O 
+35 


ns 


Notes 2, 3, & 7 


T|A Instruction to address 






170 






T2O+IO8 


ns 


Notes 2, 3, & 8 


T|VA Input data to address 






105 






105 


ns 


Notes 3 & 9 


T|S Instruction set-up time 
(XI rising edge) 


-7 






-7 






ns 


Note 10 


Tmis MCLK falling edge to 
instruction stable 






20 






TlO-42 


ns 


Notes 2, 4, & 10 


T|H Instruction hold time 
(XI rising edge) 


45 






45 






ns 


Note 1 1 


^MIH Instruction hold time) 
(MCLK falling edge) 


60 






TlQ-2 






ns 


Notes 2 & 1 1 


TyvH XI falling edge to 
SC/WC rising edge 


40 


49 


58 


40 


49 


58 


ns 




^MWH MCLK falling edge to 
SC/WC rising edge 


125 


130 


135 


T10+T2O 


■'■1Q+T2Q 
+5 


■'■1Q+T2Q 
+ 10 


ns 
ns 


Note 2 


TWL XI falling edge to 

SC/WC falling edge 


40 


49 


58 


40 


49 


68 


ns 




"TmwL MCLK falling edge to 
SC/WC falling edge 


5 


7 


16 


5 


7 


15 


ns 




Tibs X1 failing edge to 

LB/RB (Input phase) 


48 


60 


70 


48 


60 


70 


ns 




'''mibS MCLK falling edge to 
LB/RB (Input phase) 


7 


17 


26 


7 


17 


25 


ns 




T||BS Instruction to LB/RB 
(Input phase) 




27 


35 




27 


36 


ns 




ToBS XI falling edge to 

LB/RB (Output phase) 


48 


60 


70 


48 


60 


70 


ns 




^MOBS MCLK falling edge to 
LB/RB (Output phase) 


132 


137 


147 


■'■lQ+'''2Q 
+7 


"'■1O+T2O 
+ 12 


■'■1O+T2O 
+22 


ns 


Note 2 


TlDS '"Pu^ ^3^3 set-up time 
(X1 falling edge) 


25 


16 




25 


16 




ns 




^MIDS MCLK falling edge to 
input data stable 




65 


55 




■•■10+120 
-60 


■'■1Q+T2O 
-70 


ns 


Notes 2 & 5 


T|QH Input data hold time 
(XI falling edge) 


40 


30 




40 


30 




ns 




^MDIH 'i^Put data hold time 
(MCLK falling edge) 


125 


112 




"'■lQ+"'"2Q^ 


■'■1Q+T2Q 
-13 




ns 


Note 2 


^OOH Output data hold time 
(XI falling edge) 


55 


66 


75 


56 


66 


76 


ns 




"•"MODH Output data hold time 
(MCLK falling edge) 


11 


20 


25 


11 


20 


26 


ns 




Tods output data stable 
(XI falling edge) 


74 


84 


94 


74 


84 


94 


ns 


Notes 12, 14, & 15 


TmODS Output data stable 
(MCLK falling edge) 


150 


160 


170 


T1Q+T2Q 
+26 


T1Q+T2Q 
+35 


T1Q+T2Q 
+46 


ns 


Notes 2, 12, 
14, & 15 
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AC CHARACTERISTICS (Commercial Part) 
(Continued) 



CONDITIONS: Vqc = 5V (±5%). V|n = OV or 3V. 0»C < Ta < 70°C 
LOADING: (See test circuits) 



PARAMETER 
(NOTE 1) 


LIMITS (INSTRUCTION 
CYCLE TIME = 250 ns) 


LIMITS (INSTRUCTION 
CYCLE TIME > 250 ns) 


UNITS 


COMMENTS 


Min 


Typ 


Max 


Min 


Typ 


Max 


Tdd Input data to output 
data 


104 


120 


136 


104 


120 


136 


ns 


Notes 13 & 15 


TrS halt set-up time 
(X1 rising edge) 
















ns 




TmHS MCLK falling edge to 
HALT falling edge 






18 






T1Q-44 


ns 


Notes 2 & 6 


Thh HALT hold time 
(X1 rising edge) 


32 






32 






ns 




"•"MHH halt hold time 

(MCLK falling edge) 


50 






TlQ-12 






ns 


Note 2 


^ACC Program storage 
access time 






80 








ns 




T|o I/O port output enable 
time (LB/RB to valid 
IV data input) 






30 








ns 





NOTES: 

1. XI and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 
volts; all timing parameters are measured at this voltage level. 

2. Respectively, T.|q, T2Q, T3Q, and T4Q represent time intervals for the first, second, 
third, and fourth quarter cycles. 

3. Capacitive loading for the address bus is 150 picofarads. 

4. Same as TIS but referenced to falling edge of MCLK. 

5. Same as TIDS but referenced to falling edge of MCLK. 

6. Same as THS but referenced to falling edge of MCLK. 

7. TAS is obtained by forcing a valid instruction and an I /O bus input to occur earlier than 
the specified minimum set-up time; the TAS parameter then represents the earliest 
time that the address bus is valid. 

8. TIA is obtained by forcing a valid instruction input to occur earlier than the minimum 
set-up time. 

9. TIVA is obtained by forcing a valid I/O bus input to just meet the minimum set-up time. 

10. TMIS represents the set-up time required by internal latches of the 8X300. In system 
applications, the instruction input may have to be valid before the worst-case set-up 
time in order for the system to respond with a valid I/O bus input that meets the I/O 
bus input set-up time (TIDS and TMIDS). 

1 1 . TIH represents the hold time required by internal latches of the 8X300. To generate 
proper LB/RB signals, the instruction must be held valid until the address bus 
changes. 

12. TOOS is obtained by forcing a valid I/O bus input to occur earlier than the I/O bus 
input set-up time (TIDS); this timing parameter represents the earliest time that the 
I/O output data can be valid. 

1 3. TDD is obtained by forcing a valid I / O bus input to just meet the minimum I / O bus input 
set-up time; thus timing parameter represents the latest time that the I/O output data 
can be valid. 

14. The minimum figure for these parameters represents the earliest time that I/O bus 
output drivers of the 8X300 will turn on. 

15. For TIDS > 35 ns, TODS or TMODS should be used to determine when the output data 
is stable. 



TEST CIRCUITS 



OUTPUT o- 

UNDER TEST 



3790 -^150pf 



T 



OUTPUT o- 

UNDER TEST 



'1690 300pf 



T 
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DC CHARACTERISTICS (Military Part) ssxsoo 1 -40°c 

S8X300-2 -20" C 



TC < 100°C Vcc = 5V ± 5% 
TC < 100°C Vcc = 5V ± 10% 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


V|H 


High level input voltage 
X1, X2 
All others 




0.6 
2.0 






V 
V 


V|L 


Low level input voltage 

X1,X2 

All others 








0.4 
0.8 


V 
V 


V|C 


Input clamp voltage 
(Notes 1 & 5) 


Vcc = min 
l| = -10mA 






-1.5 


V 


l|H 


High level input current 
X1, X2 

All others 


Vcc = "lax 
VjH = 0.6V 
Vcc = max 
V|H = 4.5V 






3.0 
0.05 


mA 


l|L 


Low level input current 
X1. X2 

IV0-IV7 

10-115 


Vcc = max 
V||_ = 0.4V 






-3.0 


mA 


Vcc = max 
VjL = 0.4V 






-0.3 


mA 


Vcc = max 
V|L = 0.4V 






-1.6 


mA 


HALT, RESET 


Vcc = max 
V|L = 0.4V 






-0.4 


mA 


Vol 


Low level output voltage 
A0-A12 

All others 


Vcc = min 
II = 4.25mA 
Vcc = min 
Iql = 16mA 






0.55 
0.55 


V 
V 


VOH 


High level output voltage 


Vcc = min 
Iqh = -3mA 


2.4 






V 


'OS 


Short circuit output current 
(Note 2) 


Vcc = max 


-30 




-140 


mA 


'cc 


Supply current 
(Note 4) 


Vcc = max 






160 


mA 


'REG 


Regulator control 


Vcc = 5.0V 


-14 




-21 


mA 


'CR 


Regulator current 


Vcc = max 






285 


mA 


'CR 


Regulator current 


TC > 25°C 
Vcc = max 






330 


mA 


VCR 


Regulator voltage 


TC < 25° C 
(Note 3) 




3.1 




V 



NOTES: 

1. Crystal inputs X1 and X2 do not have clamp diodes. 

2. Only one output nnay be grounded at a time. 

3. From series-passed transistor under the following conditions: 

VCC = Max, HALT = RESET = ADDRESS = IVX = O.OV, all other pins open. 

4. Pin 37 only. 



5. Test each input one at a time. 

6. All voltages are with respect to ground terminal. 

7. The operating temperature ranges are guaranteed after thermal equilibrium has been 
reached. 

8. storage temperature -65°C to +150°C. 
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AC CHARACTERISTICS (Military Part) conditions: S8X300-i— Vcc = 5V (±5%) -40°c < Tq < ioo°c 

S8X300-2— Vcc = 5V (± 10%) -20°C < Tq ^ 100°C 



PARAMETER 


TEST CONDITIONS 
(NOTES 1 & 2) 


LIMITS 


UNIT 


Min 


Typ 


Max 


Clock: 

Tpc Processor cycle time 




300 






ns 


TCP X1 clock period 




150 






ns 


TCH XI clock high time 




62 






ns 


TcL X1 clock low time 




62 






ns 


Controls: 

Ths halt set-up time (X1 rising edge) 











ns 


Thh halt hold time (X1 rising edge) 




50 






ns 


Instructions: 

T/^S X1 falling edge to address stable 


CL = lOOpF 


35 




92 


ns 


T|s Instruction set-up time (XI rising edge) 











ns 


T|H Instruction hold time (X1 rising edge) 




50 






ns 


TmCH MCLK high delay 


XI = 2.0V 


20 




55 


ns 


TmCL MCLK low delay 


XI = 2.0V 


20 




55 


ns 


TwH XI falling edge to SO /WO rising edge 








80 


ns 


TwL X1 falling edge to SC/WC falling edge 








80 


ns 


T||BS Instruction to LB/RB (input phase) 








52 


ns 


T|BS XI falling edge to LB/RB (input phase) 




24 






ns 


"•"OBS X 1 falling edge to LB / RB (output phase) 








90 


ns 


T|DS Input data set-up time (XI falling edge) 




36 






ns 


TiDH 'nput ^3^3 h<^ld t'"^® (XI falling edge) 




50 






ns 


TqdS Output data stable (X1 falling edge) 








125 


ns 


^ODH Output data hold time (X1 falling edge) 




35 




85 


ns 


TaCC Instruction access time 


Provided by worst case timing 


80 






ns 


T|o Data I/O access time 


Provided by worst case timing 


40 






ns 



NOTES: 

1. Operating temperature ranges are guaranteed after thermal equilibrium has been 
reached. 

2. Unless otherwise noted CL = 300 pF, VIN = 3V. 



TIMING CONSIDERATIONS (Commercial Part) 

As shown in the "AC CHARACTERISTICS" table for this part, 
the minimum instruction cycle time is 25 ns, whereas, the 
maximum is determined by the on-chip oscillator frequency 
and can be any value the user chooses. With an instruction 
cycle time of 250 ns, the part can be characterized in terms 
of absolute values; these are shown in the first "LIMITS" 
column of the table. When the instruction cycle time is great- 
er than 250 ns, certain parameters are cycle-time depen- 
dent; thus, these parameters are specified in terms of the 



four quarter cycles (Tiq, T2Q, T3Q, and T4Q) that make up 
one instruction cycle— see 8X300 TIMING DIAGRAM. As the 
time interval for each instruction cycle increases (becomes 
greater than 250 ns), the delay for all parameters that are 
cycle-time dependent is likewise increased. In some cases, 
these delays have a significant impact on timing relation- 
ships and other areas of systems design; subsequent para- 
graphs describe these timing parameters and reliable meth- 
ods of calculation. 
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8X300 TIMING DIAGRAM 



INSTRUCTION 7/ 
00-115) 




NOTE 

For an instruction cycle time greater than 250 ns , 
the I/O bus can be stable sometime within the 
third quarter (T3Q) cycle. 



- LB, RB set for input data - 



I/O drivers three-state 



-I/O receivers open 



SC = "1" for I/O 

-address, WC = "1" (or — 

I/O data 

- LB, RB set for output data - 



I/O drivers active if output data or 
address to I/O BUS; ttiree-state otlierwise" 



I/O bus stable - 



-ONE CYCLE (-250 ns] 




Timing parameters for the 8X300 are normally measured 
with reference to XI or MCLK; those referenced to MCLK 
are prefaced with an "M" in the mnemonic — TMAS, TMIH, 
and so on. To determine the timing relationship between a 
particular signal, say "A" and MCLK, the user should, at 
all times, use the value specified in the table— DO NOT 



calculate the value by adding or subtracting two or more 
parameters that are referenced to X1. When deriving timing 
relationships between two signals (A to B, etc.) by adding or 
subtracting the parameter values, the user must consis- 
tently use the same parameter reference — MCLK or XI. 
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System determinants for the instruction cycle time are: 

• Propagation delays within the 8X300 

• Access time of Program Storage 

• Enable time of the I/O port 

Normally, the instruction cycle time is constrained by one or 

more of the following conditions: 

Condition 1 — Instruction or MCLK to LB/RB (input phase) 
plus I/O port access time (TIO) < IV data set- 
up time (Figure 4a). 

Condition 2 — Program storage access time (TACC) plus 
instruction to LB/RB (input phase) plus I/O 
port access time (TIO) plus IV data (input 
phase) to address < instruction time (Figure 
4b). 

Condition 3 — Program storage access time plus instruction 
to address < instruction cycle time (Figure 
4c). 




'1 MCLK to CB/fiG (input 
phase) or instruction to 
L6/fi6 (Input phass). 

J I/O port accass (TIO). 

(3) IV data sat-up time 
(referenced to MCLK). 




(T) Program storage access 

time. 
1(2) MCLK to LB/RB (Input 

phase) or instruction to 

LB/RB (Input phase). 
(3) I/O port access (TIO). 
(i) IV data (input phase) to 

address. 



b. Condition #2 




PROGRAM STORAGE 
ACCESS 



c. Condition #3 



Figure 4. Constraints of 8X300 instruction Cycle Time 



From condition #1 and with an instruction cycle time of 
250 ns, the I/O port access time (TIO) can be calculated as 
follows: 

TMIBS + TIO < TMIDS 
transposing, TIO < TMIDS - TMIBS 
substituting, TIO < 55ns — 25ns 
result, TIO < 30 ns 

Using 30 ns for TIO, the constraint imposed by condition # 1 
can also be used to calculate the minimum cycle time: 

TMIBS + TIO < TMIDS 
thus, 25ns + 30ns < Tiq + T2Q - 70 

25ns + 30ns < Vs cycle — 70 therefore, the 
worst-case instruction cycle time is 250 ns. With subject 
parameters referenced to XI, the same calculations are 
valid: 

TIBS -I- TIO + TIDS < Vz cycle 
thus, 70ns -I- 30ns + 25ns < V2 cycle therefore, 
the worst-case instruction cycle time is again 250 ns. From 
condition #2 and with an instruction cycle time of 250 ns, 
the program storage access time can be calculated: 
TACC -I- TUBS -I- TIO -I- TIVA < 250ns 
transposing, TACC < 250ns - TUBS - TIO -TIVA 
substituting, TACC < 250ns - 35ns - 30ns -105ns 

thus, TACC < 80ns hence, for an instruction cy- 
cle time of 250 ns, a program storage access time of 80 ns 
is implied. The constraint imposed by condition #3 can be 
used to verify the maximum program storage access time: 
TIA -I- TACC < Instruction Cycle 
thus, TACC < 250ns - 170ns 
and, TACC < 80ns, confirming that a program 
storage access time of 80 ns Is satisfactory. 

For an instruction cycle time of 250 ns and a program stor- 
age access time of 80 ns (Condition #2 /Figure 4b), the 
instruction should be valid 10 ns before the falling edge of 
MCLK. This relationship can be derived by the following 
equation: 

250ns - TMAS - TACC 

= 250ns - 160ns - 80ns 

= 10ns 

It is important to note that, during the input phase, the begin- 
ning of a valid LB/RB signal is determined by either the 
instruction to LB/RB delay (TUBS) or the delay from the 
falling edge of MCLK to LB/RB (TMIBS). Assuming the in- 
struction is valid 10 ns before the falling edge of MCLK and 
adding the instruction-to-LB/RB delay (TUBS) = 30ns), the 
LB/RB signal will be valid 25 ns after the falling edge of 
MCLK. With a fast program storage memory and with a valid 
instruction more than 10 ns before the falling edge of 
MCLK— the LB/RB signal will, due to the TMIBS delay, still 
be valid 25 ns after the falling edge of MCLK. Using a worst- 
case instruction cycle time of 250 ns, the user cannot gain a 
speed advantage by selecting a memory with faster access 
time. Under the same conditions, a speed advantage cannot 
be obtained by using an I/O port with fast access time (TIO) 
because the address bus will be stable 80 ns (TAS) after the 
beginning of the third quarter cycle— no matter how early 
the IV data input is valid. 
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Internal Timing and Timing Relationships 

All timing and timing-control signals of the 8X300 are gener- 
ated by the oscillator and sequencer shown in Figure 5. The 
sequencer outputs direct and control all of the timing param- 
eters specified in the TIMING DIAGRAM. Observe that each 
input quarter cycle bears a fixed relationship to XI via the 
propagation delay. 

General and interactive timing relationships pertaining to 
I/O signals of the 8X300 are shown in Figure 6. Example — in 
the input phase, the switching point of the LB/RB signal is 
caused by the worst-case delay from the instruction to 
LB/RB or from the beginning of the first internal quarter 
cycle to LB/RB; the two arrows pointing to the LB/RB tran- 
sition indicate this "either/or" dependency. This information 
coupled with tabular values and the TIMING DIAGRAM pro- 
vides the user with the wherewithal to calculate any and all 
system timing parameters. 

CLOCK CONSIDERATIONS 

The on-chip oscillator and timing-generation circuits of the 

8X300 can be controlled by any one of the following 

methods: 

Capacitor: if timing is not critical 

Crystal: if precise timing is required 

External Drive: if application requires that the 8X300 be 

synchronized with system clock 

Capacitor Timing: A non-polarized ceramic or mica capaci- 
tor with a working voltage equal to or greater than 25-volts is 
recommended. The lead lengths of capacitor should be ap- 
proximately the same and as short as possible; also, the 











1 








SEQUENCER 






OSCILLATOR 




























1 











FIRST 
OUARTER-CYCLE 



SECOND 
QUARTER-CYCLE 



THIRD 
QUARTER-CYCLE 



FOURTH 
QUARTER-CYCLE 



OUTPUT 
PHASE 






FIRST I SECOND 
QUARTER-CYCLE OUARTER-CYCLE 

, INPUT , 

PHASE 





THRD > FOURTH 
QUARTER-CYCLE QUARTER-CYCLE 

, OUTPUT . 

PHASE 



Figure 5. Timing and Timing Control Signais of the 8X300 

timing circuits should not be in close proximity to external 
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Figure 6. Timing Relationships of 8X300 I/O Signals 
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Crystal Timing: When a crystal Is used, the on-chip oscilla- 
tor operates at the resonant frequency (fo) of the crystal; 
the series-resonant quartz crystal connects to the 8X300 
via pins 10 (XI) and 1 1 (X2). The lead lengths of the crystal 
should be approximately equal and as short as possible; 
also, the timing circuits should not be in close proximity to 
external sources of noise. The crystal should be hermeti- 
cally sealed (HC type can) and have the following electrical 
characteristics: 

Type: Fundamental mode, series resonant 
Impedance at Fundamental: 35-ohms maximum 
Impedance at Harmonics and Spurs: 50-ohms minimum 



The resonant frequency (fo) of the crystal is related to the 
desired cycle time (T) by the equation fo = 2/T; for a cycle 
time of 250 ns, fo = 8MHz. 

Using an External Clock: The 8X300 can be synchronized 
with an external clock by simply connecting appropriate 
drive circuits to the XI /X2 inputs. Figure 7 shows how the 
on-chip oscillator can be driven from the complementary 
outputs of a pulse generator. In applications where the 
microcontroller must be driven from a master clock, the 
XI /X2 lines can be interfaced to TTL logic as shown in 
Figure 8. 




PULSE GENERATOR CHARACTERISTICS: 
ZOUT = son VoUT = 0-1 VOLT 

RISETIME €10t)SEC SKEW «10n« 



Figure 7. Clocking with a Pulse Generator 
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Figure 8. Clocking with TTL 



RE SET Lo gic 

The RESET line (pin 43) can be driven from a high (inactive) 
state to a low (active) state at any time with respect to the 
system clock, that is, the reset function is asynchronous. To 
ensure proper operation, the RESET line should be held low 
(active) for one full instruction time. When the line is driven 
from a high state to an active-low state, several events 
occur — the precise instant of occurrence is basically a 
function of the propagation delay for that particular event. 
As shown in the acompanying RESET timing diagram, these 
events are: 

• The Program Counter and Address Register are set to 
an all-zero configu ration and remain in that state as 
long as the RESET line is low. Other than PC and AR, 
reset does not affect other internal registers. 

• The input/output (IV) bus goes three-st ate and re- 
mains in that mode as long as the RESET line is low. 

• The Select Command and Write Command sign als are 
driven low and remain inactive as long as the RESET 
line is low. 

• The Left Bank /Right B ank sig nals are undefined for 
the period in which the RESET line is low. 



During the time RESET is active-low, MCLK is inhibited; 
moreover, if the RESET line is driven low during the last two 



quarter cycles, MCLK can be shortened for that particular 
machine cycle. When RESET line is driven high (inactive)— 
one-quarter to one full instruction cycle later— MCLK ap- 
pears just before normal operation is resumed. The 
RESET/ MCLK relationship is clearly shown by "B" in the 
timing diagram. As long as the RESET line is active-low, the 
HALT signal (described next) is not sampled by internal 
logic of the 8X300. 



HALT Logic 

The HALT signal is sampled via internal chip logic at the end 
of the first internal quarter of each instruction cycle. If, when 
sampled, the HALT signal is active-low, a halt is immediately 
executed and the current instruction cycle is terminated; 
however, the halt cycle does not inhibit MCLK nor does it 
affect any internal registers of the 8X300. As long as the 
HALT line is active-low, the SC and WC lines are low (inac- 
tive) and the input /output (IV) bus remains in the three-state 
mode of operation. The halt cycle continues until, when 
again sampled, the HALT line is found to be high; at this 
time, normal operation is resumed. Timing for the halt signal 
is shown in the accompanying diagram. 
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RESET TIMING DIAGRAM 



RESUME NORMAL 
OPERATION 



u 



IV-BUS 
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NOTES __^ 

1 . A High to Low transition of the RESET signal will force the Address Bus to an all-zero 2. The RESET signal can switch from Low to High at any point within this time interval and, 
configuration. in all cases, MCLK will occur at least one-quarter cycle time later as shown. 



HALT TIMING DIAGRAM 



HALT CYCLE 
2 3 
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outputs 



;^3-STATE%:^ 
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)CZ3<C 



'Z^ UNDEFINED-^ 
W//////////////////. 



X 



NOTES 

1. The HALT signal can switch from High to Low at any time during this interval. 

2. The HALT signal can switch from Low to High at any time during this interval. 

Timing Descriptions: 

^HS~^®''''P '*'"® '''<'''* HALT to XI (independent of instruction cycle time) 



T|^— hold time from XI to HALT (independent of instruction cycle time) 
T|^|.^3— set-up time from MCLK to HALT (dependent upon instruction cycle time) 
^MHH~^°'^ time from MCLK to HALT (dependent upon instruction cycle time) 
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VOLTAGE REGULATOR 

All internal logic of the 8X300 is powered by an on-chip 
voltage regulator that requires an external series-pass tran- 
sistor. Electrical specifications for the off-chip power tran- 
sistor and a typical hook-up are shown in the accompanying 
diagram. To minimize lead inductance, the transistor should 
be as close as possible to the 8X300 package and the 
emitter should be ac-grounded via a 0. 1 -microfarad ceramic 
capacitor. 




VCE = 2V; 

100mA <, Ic -~ 500mA 



VcE ^ 5V; Ic = 500mA 
IC = 50OmA; Ib = 50mA 



NOTE: 

Typical approved parts— 2N5320, 2N5337 



IV 
-0.5V 
-15V 
-30MHz 
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ARCHITECTURAL OVERVIEW 

The Signetics 8X320 Bus Interface Register Array (Figure 1) 
Is a dual-port RAM memory designed for use betwen a host 
processor and a peripheral processor. Specifically, the reg- 
ister array provides a convenient and economical interface 
between the 8X300 Microcontroller (secondary port) and 
User's Host System (primary port); the host can be almost 
any bus-oriented device — another processor, a mini- 
computer, or a mainframe computer. The host has 8-bit 
(byte) or 16-bit (word) access to the primary port; data can 
be read-from or written-into any memory location as deter- 
mined by the primary-port address and control lines. The 
secondary port (8X300 bus) consists of eight input /output 
lines and four bus control lines. To implement the secondary- 
port interface, an 8-bit memory location is addressed during 
one machine cycle and, during another cycle, data is read or 
written under control of the secondary (8X300) processor. 
Both primary and secondary ports feature three-state out- 



puts and both ports are bidirectional. 

Besides the convenience and economy of a two-port mem- 
ory, the array also provides simple handshake control via 
two 8-bit flag registers, logic to facilitate DMA transfers, and 
a write-protect feature for the primary port in both byte and 
word modes of operation. 



FEATURES 

• 16-Byte/2-Port interface 

• 8 or 16 Bit primary-port (Host) interface (user 
seiectabie) 

• 8-Bit secondary-port interface 

• Two 8-Bit flag registers (handshalce control) 

• DMA or programmed i/0 operation 

• Two Three-State Bidirectional Ports 

• Secondary Port is bus compatible with 8X300 

• Single 5V supply 

• 40-Pin package 
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Figure 1. Block Diagram of 8X320 Bus Interface Register Array 
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PIN NO. 


PARAMETER 


FUNCTION 


1.20 


GND Ground 


Circuit ground. 


2 


DMAE Direct Memory 
Access Enable 


Enables primary port to facilitate DMA transfers; does not affect secondary port. 


3-18 


D0a-D7a/ Primary Data Port 
D0b-D7b 


Sixteen 3-state lines used for data transfers tp-and-from the primary data port; most 
significant bit is DOa and least significant bit lis DZq. 


19 


ME Master Enable 


Enables secondary port when active low (ME). 


21 


MCLK Master Clock 


When MCLK is high, and 8X320 is enabled (ME), a register location may be either 
selected or written-into under control of SC and WC. 


22 


SC Select Command 


With SC high, WC low, MCLK high and ME low, data on IVO through IV> is interpreted as 
an address. If any one of the 16 register addresses (608-778) matches that on the I/O 
(IV) bus, that particular register is selected and remains selected until another address 
on the same bank (i.e. ME - low) is output on the I/O bus— at which time, the old 
register is deselected and a new register may or may not be selected. 


23 


WC Write Command 


With WC high, SC low, MCLK high, and M^ low, the selected register stores contents of 
IV0-IV7 as data. 


24-31 


IV0-IV7 Secondary Data Port 


Eight 3-state lines used to transfer data or 1 / address to-and-f rem the secondary data 
port; most significant bit is IVO and least significant bit is iy7. 


32 


WS Write Strobe 


When active high, data appearing at the primary port (D0a-D7a/D0b-D7b) is stored in 
the register array if the primary port is in the write mode. 


33 


R/W Read /Write Control 


When this signal is high, primary port is in read mode; when signal is low, primary port is 
in write mode. 


34 


PIOE Programmed I/O En- 
able 


When active low, primary port operates in programmed input /output mode with register 
to be read-from or written-into selected by A0-A3. 


35-38 


A0-A3 Primary Port 

Address Select 


Selects register or register-pair that primary port is to read-from or wrlte-into. Most 
significant bit is A3; least significant bit is AO. 


39 


B/W Byte /Word 


When signal is high, the primary port operates in the byte (8-bit) mode; when signal is 
low, the primary port operates in the word (16-bit) mode. 


40 


Vcc Power 


-1-6 volts. 



All barred symbols (OMAE, etc.) denote signals that are asserted (or active) when low 
(logical 0); signals that are not barred are asserted in the^igh state (logical 1). 
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OPERATING CHARACTERISTICS 
Memory Organization 

Memory and address correlation for the 16-reglster array is 
shown in Figure 2. From the primary port, the sixteen 8-bit 
registers can be addressed in either byte (8-bit) or word 
(16-bit) format; in the word mode, the registers are ad- 
dressed in pairs— 03/ 18. Sa/Sa, 48/6a, • • . Ma/ 158, aid 



168/178- From the secondary port, all registers are ad- 
dressed In byte format — eOa through 778- The memory con- 
sists of two 8-bit flag registers and fourteen 8-bit general- 
purpose registers. The flag registers facilitate information 
transfers between the two ports and, in addition, they pro- 
tect certain registers from being written into from the prima- 
ry port. 
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Figure 2. Memory and Address Organization for the 8X320 
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In either byte or word mode, the write-protect logic, im- 
plemented by bits FO and F1 of register 608, inhibits the 
primary port from writing into addresses 163 and 173. The 
write-protect bits (FO and F1) can be either read or written 
from the secondary port; the bits are read-only from the 
primary port. 

As shown in Table 1, flag bits F2 through F7 of 603 and FO 
through F7 of 613 are controlled by the fourteen general- 
purpose registers. When any one of these registers is writ- 
ten into by either port, the corresponding flag bit for that 
register is automatically set by internal logic of the 8X320. 
When information is read from any register, the correspond- 
ing flag bit must be reset by user software. Except for the 
write-protect bits, all other flag bits can be read or written 
from the primary or the secondary port. 

Table 1. Control of the Two Flag Registers 



Flag 
Registers 


608 (Oe) 


F2 F3 F4 F5 F6 F7 


618(18) 


FO F1 F2 F3 F4 F5 F6 F7 


Octal 

Address of 
Controlling 
Byte 


Primary 


2 3 4 5 6 7 10 11 12 13 14 15 16 17 


Secondary 


62 63 64 65 66 67 70 71 72 73 74 75 76 77 



FUNCTION AND CONTROL OF PRIMARY PORT 

The primary port provides an 8-bit (byte) or 16-bit (word) 
interface between the 16-byte memory and the user's host 
system. If the host is an 8-bit system (or 16-bit system 
operating in Byte mode), the sixteen bidirectional I/O lines 
must be tied together (DOa to DOb, D 1 a to D 1 b, . • • and D7a 
to D7b); when data is input or output on DOa through D7a, 
the remaining eight lines (DOb through D7b) are high-Z and 
vice-versa. 



Other than the Byte /Word control line, specific operating 
characte ristics of the primary port are cont rolled by two 
signals— PIOE (Programmed I/O Enable) and DMAE (Direct 
Memory Access Enable). When PIOE is active (low) and 
DMAE is inactive (high), the primary port operates in the 
programmed I/O mode— refer to Table 2; in this mode of 
operation, the register to be read-from or written-into is 
deter mined by four address lines (AO through A3) and the 
Byte /Word control line— see Figure 2 and Table 3. In the 
DMA mode of operation, A 1 , A2, and A3 are not used; data is 
read-from or written-into preassigned registers: bytes I63 
(763) and 173 (773) for the byte mode of operation and 
bytes 1 43 (743) / 1 53 (753) and 1 63 (763) / 1 73 (773) for the 
word mode of operation. In both cases, switching between 
bytes I63 and 173 in the byte mode and 143/163 and 
163/ 173 In the word mode is controlled by AO (the least 
significant address bit). Refer to Table 4. 

Table 2. Mode Control of Primary Port 



MODE 


PIOE 


DMAE 


Disabled (output high-Z) 


1 


1 


Programmed I/O 





1 


DMA 


X 






Table 3 defines programmed I/O operation o f the primary 
port in terms of read /write functions and Byte/ Word control. 
In the byte mode, data is read-from or written-into the even 
addresses (O3, 23, 43, 63, IO3, 123, 143, and I63) via data 
lines DOa through D7a; data is read-from or written-into odd 
addresses (I3, 33, 63, 73, 1 13, 133, 163, and 173) via data 
lines DOb through D7b. When AO is low (logical 0), even 
addresses are selected and when AO is high (logical 1), odd 
addresses are selected; thus, AO is the LSB of a 4-bit ad- 
dress. In the word mode, the state of AO is irrelevant, since 
both the odd and even bytes are, simultaneously, read-from 
or written-into; thus, a register pair is selected by a 3-bit 
address, A1 being the LSB. 



In the DMA mode of operation with DMAE set to and other 
conditions satisfied, data is directly transferred to-or-from 
specified memory locations under contr ol of Byte /Word, 
R/W, and AO. The state of the Byte/Word control line deter- 
mines whether the data word is 8-bits or 16-bits. The AO 
address line correlates eight of the sixteen data lines (DOa- 
D7a or D0b-D7b) vvith the proper byte/word location. Thus, 
in the word mode, the exchange of data between the mem- 



Table 3 


Primary Port Operating in Programmed I/O Mode 


MODE 


B/W 


AO 


D0A-D7A 
(Even Addresses) 


D0b-D7b 
(Odd Addresses) 


Read 


(Word) 


X 


Stored Data 


Stored Data 


Read 


1 (Byte) 





Stored Data 


HiZ 


Read 


1 (Byte) 


1 


Hl-Z 


Stored Data 


Write 


(Word) 


X 


Write 


Write 


Write 


1 (Byte) 





Write 


No Change 


Write 


1 (Byte) 


1 


No Change 


Write 



X = Don't Care 



Table 4. DMA Operation of the Primary Port 



X = Don't Care 



MODE 


BYTE /WORD 


AO 


D0a-D7a 


D0b-D7b 


Read 


(Word) 





Data stored in 
byte 148 


Data stored in 
byte 158 


Read 


(Word) 


1 


Data stored in 
byte 168 


Data stored in 
byte 178 


Read 


1 (Byte) 





Data stored in 
byte 168 


Hl-Z 


Read 


1 (Byte) 


1 


Hl-Z 


Data stored in 
byte 178 


Write 


(Word) 





Write to byte 
148 


Write to byte 
158 


Write 


(Word) 


1 


Write to byte 
168 


Write to byte 
178 


Write 


1 (Byte) 





Write to byte 
168 


Hl-Z 


Write 


1 (Byte) 


1 


Hl-Z 


Write to byte 
178 
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ory and the port occurs via D0a-D7a for bytes Ms and 163 
and via D0b-D7b for bytes ISg and 178- The byte mode of 
operation is similar, except that the unused eight lines are 
high-Z. 

FUNCTION AND CONTROL OF 
SECONDARY PORT 

The secondary port provides an 8-bit interface between 4he 
sixteen memory registers and the 8X300 (or other proces- 



sor). As shown in Table 5, the secondary-port interface is 
controlled by five input signals and a status latch. The status 
latch is set when SC is high (MCLK high /ME low) and a valid 
memory address (60s-77q) is_presented to the 8X320 via 
the secondary data port (IV0-IV7). The latch is cleared by 
internal logic when an invalid memory address is presented 
at the secondary port. In all read/ write operations from the 
secondary port, the status latch acts like a master enable; 
data can be transferred only if the status latch is set. 



Table 5. Functional Control of Secondary Port 



ME 


SC^ 


WC^ 


MCLK 


R/W 


STATUS 
LATCH 


FUNCTION OF SECONDARY BUS 


L 


L 


L 


X 


X 


Set 


Output data from 8X320 memory to 8X300. 


L 


L 


H 


H 


H 


Set 


Data from 8X300 is input and read-into a previously-selected memory loca- 
tion of the 8X320 (Note 2). 


L 


L 


H 


H 


L 


Set 


With the primary port in the write mode (R/W = 0), the secondary port is 
overridden and cannot write to the same register addressed by the primary 
port; however, the register addressed by the primary port can be read and 
any other register can be read-from or written-into from the secondary port 
(Note 2). 


L 


H 


L 


H 


X 


X 


Data transmitted to the secondary port via the IV bus is interpreted as an 
address; if address is within range of 608-778 the memory status latch is 
subsequently set. 


L 


L 


H 


L 


X 


X 


Inactive 


L 


H 


L 


L 


X 


X 


Inactive 


L 


L 


X 


X 


X 


Not Set 


Inactive 


H 


X 


X 


X 


X 


X 


Inactive 



Notes: 

1 . The SC and WC lines should never both be high at the same time; the 8X300 processor 
never generates this condition. 

2. During read or write operations, the same register can be simultaneously addressed 
from either port. For any write operation by both ports on the same register, the primary 
port has priority; other than this, the 8X320 does not Indicate error conditions or 
resolve conflicts. 

3. X = Don't Care 
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DC CHARACTERISTICS o^c < Ta < 70° C; 4.75V < Vqc ^ 5.25V 



PARAMETER 


TEST CONDITIONS^' 2 


LIMITS 


UNIT 


Min 


Typ 


Max 


Vcc Supply voltage 




4.75 


5 


5.25 


V 


V|N (L) ^^^ 'svel input voltage 








0.80 


V 


VjN (H) High level input voltage 


^ 


2.0 






V 


Vol Low level output voltage 


Vcc = 4.75V; Iql = 16mA 






0.55 


V 


Vqh High level output voltage 


Vcc = 4.75V; Iqh = -3mA 


2.40 






V 


VcL Input clamp voltage 


l| = -5mA 






-1.00 


V 


Ice Supply current 


Vcc = 5.25V (Both ports high-Z) 






270 


mA 


Iqs Short circuit output current^ 


Vcc = 4.75V 


-20 




-100 


mA 


l|N (L) WC, MCLK, SC. & ME 


Vcc = 5.25V; V|l = 0.50V 






-1.0 


mA 


l|N (L) B/W 


Vcc = 5.25V; V|l = 0.50V 






-1.6 


mA 


•in (L) A0-A3 


Vcc = 5.25V; V|l = 0.50V 






-1.0 


mA 


l|N (L) DMAE 


Vcc = 5.25V; V|l = 0.5V 






-800 


mA 


l|N(L) WS. PIOE, &R/W 


Vcc = 5.25V; V|l = 0.5V 






-400 


mA 


l|N (L) IV0-IV7 


Vcc = 5.25V; V|l = 0.5V 






-400 
each line 


mA 


l|N (L) D0a-D7a/D0b-D7b 


Vcc = 5.25V; V|l = 0.5V 






-400 
each line 


mA 


l|N (H) WC, SC. MCLK. & ME 


Vcc = 5.25V; V|h = 5.25V 






100 


mA 


l|N(H) B/W 


Vcc = 5.25V; V|h = 5.25V 






240 


mA 


'in (H) AO 


Vcc = 5.25V; V|h = 5.25V 






120 


HA 


'IN(H) A1-A3 


Vcc = 5.25V; V|h = 5.25V 






60 


fiA 




Vcc = 5.25V; V|h = 5.25V 






120 


mA 


'IN (H) DMAE 


l|N (H) WS, PIOE. & R/W 


Vcc = 5.25V; V|h = 5.25V 






60 


mA 


l|N (H) IV0-IV7 and D0a-D7a/D0b-D7b 


Vcc = 5.25V; V|h = 5.25V 






100 


mA 



Notes: 

1. Operating temperature ranges are guaranteed after terminal equilibrium has been 
reached. 

2. All voltages are measured with respect to ground terminal. 

3. Short only one output at a time. 
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AC CHARACTERISTICS OF PRIMARY PORT o°c < Ta < 70°C; 4 75V < Vqc ^ 5 25V 

Loading: See Test Circuit 



ADDRESS ACCESS TIME 



ADDRESS (A3~A0) 



DATA I/O 
(D0a~D7a/ DOb ~ D7b) 



X 



y\. 



ov 

VOH 

Vol 



piCE, dHae 



DATA I/O 
(D0a~D7a/D0b~D7b) 



!-• Taa — ^1 

PRIMARY PORT ENABLE/DISABLE TIMES 




, ^ , Vlz = VOL + 0.5V 

I"*- 'CD -^1 VhZ = VoH - 0.5V 



WRITE CYCLE 



ADDRESS (A3~A0) 



DATA I/O 
(DOa ~ D7 a / DOb ~ D7b) 



PiQE, GiiiAE & R/W 



WRITE STROBE (WS) 



X 



Xi 



-TwSD- 



I ^^ TwHA 



y-. i.x 



r-^ — +3V 

1.5V 



[-*- TWSC -^1 



I TwHD ! 

I- — ►! 



\^ 



"I I I 

|-« TwSA *-|-< Twp ►"I'*— TwHC -*-| 

•/ Vl 

1.5V 



-jC 1.5V 

/! 



^F^ 



PARAMETER 


FROM 


TO 


LIMITS 


UNIT 


Min 


Typ 


Max 


Taa 


Address access time 


A3-A0 


D0a-D7a/ 
D0b-D7b 






40 


nS 


TCE 


Primary port enable time 


|PIPE 
jDMAE 


D0a-D7a/ 
D0b-D7b 






30 


nS 


TpD 


Primary port disable time 


f PIPE 
f DMAE 


D0a-D7a/ 
D0b-D7b 






35 


nS 


TwSA 


Address setup time 


A3-A0 


fWS 


40 






nS 


TwHA 


Address hold time 


|WS 


A3-A0 


10 






nS 


TWSD 


Primary port data setup time 


D0A-D7A/ 
D0b-D7b 


jWS 


30 






nS 


TWHD 


Primary port data hold time 


|WS 


D0a-D7a/ 
D0b-D7b 


10 






nS 


TwSC 


Write mode control setup time 


PIPE 
DMAE 
R/W 


fWS 
f WS 

jws 


30 
40 
30 






nS 
nS 
nS 


TWHC 


Write mode control hold time 


|WS 


PIPE 
DMAE 
R/W 


10 
10 
10 






nS 
nS 
nS 


Twp 


Write strobe pulse width 






25 






nS 
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AC CHARACTERISTICS OF SECONDARY PORT o°c < Ta < 70° C. 4 75V < Vcc ^ 5 25V 

Loading: See Test Circuit 



CLOCK PULSE WIDTH 



i V 



SETUP AND HOLD TIMES 



■_/ 



\ 



|-«— TSD — ^|"«— ThD- 



-^ I 



DATA /CONTROL 



¥c: Jd. 



I *. — - — — — — — - +3V 



5V 



OUTPUT ENABLE /DISABLE TIMES (TRI-STATE OUTPUTS) 

:ONTROL — ^ X 



LOW-LEVEt 
/^ ENABLING 



DATA OUTPUT #1 



DATA OUTPUT #2 




r« -VOH 



PARAMETER 


FROM 


TO 


LIMITS 


UNIT 


MIn 


Typ 


Max 


tw MCLK pulse width 






30 






nS 


TSD Data setup time 


IV0-IV7 


jMCLK 


35 






nS 


ME Setup time 


ME 


jMCLK 


30 






nS 


SC Setup time 


SC 


|MCLK 


30 






nS 


WC Setup time 


WC 


jMCLK 


30 






nS 


ThD Data hold time 


jMCLK 


IV0-IV7 









nS 


ME Hold time 


|MCLK 


ME 









nS 


SC Hold time 


|MCLK 


SC 









nS 


WC Hold time 


|MCLK 


WC 









nS 


Tqe Output enable 


ME, SC, or WC 


IV0-IV7 






30 


nS 


Tqd Output disable 


ME, SC, or WC 


IV0-IV7 






25 


nS 



TEST CIRCUIT 



OUTPUT o_ 

UNDER TEST 



T 



Cl 

:3oop( 



C|_ includes jig and probe capacitance 



ORDERING INFORMATION 

Order number: N8X320 

Packaging information: refer to Signetics price list 

Supply voltage: 5V ( ± 5%) 

Operating temperature range: 0°C to +70*'C 
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ARCHITECTURAL OVERVIEW 

The Signetics 8X330 Floppy Disk Formatter/Controller 
(Figure 1) is a monolithic peripheral device of the 8X300 
family. The chip uses Bipolar-Schottky/|2L-Technology 
and some very unique features to provide 8X330 customers 
with a competitive edge in both simple and complicated 
disk-controller designs. The competitive advantage is 
measurable in terms of "systems parts count", "error- 
correction capabilities", and "overall design concepts" that 
are applications oriented. Except for a crystal, a capacitor, 
an external transistor acting as a series-pass element for the 
on-chip voltage regulator, an active low-pass filter, and an 
optional off-chip voltage controlled oscillator (refer to Fea- 
tures and Option), the 8X330 contains all processing cir- 
cuits and the required control logic to encode/decode 
double-density (l\/IFM/M2FM) and single-density (FM) 
codes. Even the data-separation and write-precompensa- 
tion logic are located on the chip; in addition, 16-bytes of 
scratch-pad RAM are provided for storage of various con- 
trol/status parameters. 



FEATURES 

• Single or double density 

encoding/decoding 

• On-chip data separator 

• Programmable: 

FM, MFM, and M^FM encoding/decoding 

Preamble Polarity 

Data transfer rate 

Address mark encoding/decoding 

Sector length 

Output port (7-bits disk command) 

Input port (5-bits disk status) 

• Write Precompensation 

with on/off control 

• On-chip phase lock loop 

• CRC generator with 

software-controlled error correction capabilities 

• 40-pin package 

• +5 volt operation 

OPTION: External Voltage Controlled Oscillator (VCO). For 
critical applications, window margins can be 
improved by as much as 6% with the use of an 
external VCO. 



NOTES 

1. Components shown with dotted lines are located off-chip. 

2. Certain bits of the status/control registers connected to the I/O bus are 'read-only'; this 
distinction is not shown in the diagram. 

3. Greater detail for the more complicated blocks (Phase-Lock Loop, Data Separator, etc.) 
are shown in other areas of this data sheet. 




Figure 1. Simplified Block Diagram of 8X330 
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8X330 PACKAGE/PIN DESIGNATIONS 



PIN NO. MNEMONIC & DEFINITION 









GND [T 




^ Vcc 


X2 [T 




39] VR 


XI \T 




W\ VCR 


DW \T 




37] C2 


DR [T 




^ CI 


DC7 [T 




35] ceo 


DC6 [T 




34] PUP 


DCS [T 
DC4 [T 
DC3 [lF 


8X330 
FLOPPY DISK 
FORMATTER- 
CONTROLLER 


33] PDN 
32] iV7 
31] iV6 


DC2 QT 




30] ivs 


DC1 [l7 




29] iV4 


DS5 [T? 




28] iV3 


DS4Q4 




27] TV2 


DS3 [7? 




26] TvT 


DS2Q? 




"iil ivo 


DS1 117 




24] wc 


pf[iF 




'23I sc 


WG[i£ 




22] MCLK 


GND [20 




"2TI ME 









PIN NO. MNEMONIC& DEFINITION 



1, 20 

2, 3 



GND 



Ground 



XI, X2 Crystal inputs 



DW 



Data write 



DR 



Data read 



6-12 



13-17 



DC1-DC7 Disk commands 



DS1-DS5 Disk status 



PF 



Power fail 



FUNCTION 

Circuit ground 

Inputs from a crystal that deter- 
mines frequency of an on-chip 
crystal oscillator. 

A series of negative-going pulses 
transmitted to the disk drive. The 
data write signal produces pulses 
(with precompensation, if re- 
quired) for data and clock in accor- 
dance with the applicable encod- 
ing rules (FM, MFM or IVI2FM). 

Negative-going pulses transmitted 
from the disk drive to a Schmitt- 
trigger input of the 8X330; these 
pulses represent encoded data and 
clock from the disk media. 

Seven outputs from the 8X330 that 
allow general-purpose control, of 
one or more disk drives. 

Five general-purpose Schmitt- 
trigger inputs from the disk drive 
(or drives) that provide status infor- 
mation for the 8X300. 

Schmitt-trigger input from exter- 
nal logic that is active (low) when 
the "user-sensed" power supply 
voltage drops below a predeter- 
mined value. 



19 



WG 



21 



22 



ME 



MCLK 



23 SC 



24 WC 



25-31 IV0-IV7 



33 PDN 



34 PUP 



35 ceo 



36-37 C1,C2 



38 VCR 



39 VR 



40 Vcc 



Write gate 



Master enable 



Master clock 



FUNCTION 

When active (low), this 40- 
milliampere open-collector output 
enables writing to the disk media. 
When PF is low, the write gate is 
inhibited during periods of power 
supply uncertainty. 

When this input signal is active 
(low), the 8X330 can be accessed 
and enabled by the 8X300. (Refer to 
the LB and RB pinout discriptions 
of the 8X300 for further detail.) 

When active high and with ME in 
the active-low state, this input sig- 
nal provides a means whereby the 
I/O output from the 8X300 is inter- 
preted as an enabling address 
(provided there is an address 
match) or as input data (if one of 
the 8X330 registers has already 
been selected). 

Select command When this signal is active (high), 
the information output on pinslVO- 
TVT of the 8X300 is interpreted as 
an address input by the 8X330. 

Write command When this signal is active (high), 
the information output on pins IVO- 
IV7 of the 8X300 is interpreted as 
input data by the 8X330. 

Eight three-state input/output lines 
that provide bidirectional data 
transfers between the 8X300 and 
the enabled I/O device; IW is the 
Leasf Significant Bit. 

Open-collector output of on-chip 
phase detector which indicates (by 
a negative-going, quantized, 
pulse-width modulated signal) that 
internal CCO frequency is too 
high. 

Open-collector output of on-chip 
phase detector which indicates (by 
a negative-going, quantized, 
pulse-width modulated signal) that 
internal CCO frequency is too low. 

Frequency Con- Variable input current from ex- 
trol Input for Cur- ternal low-pass filter that 
rent-Controlled controls the frequency 
Oscillator of the oscillator. 

Capacitor input Inputs for capacitor that de- 
terminals termines center frequency of 
the current-controlled oscillator. 

Regulated supply DC voltage input from emit- 
voltage ter of external series-pass transis- 

tor; this voltage powers internal 
logic of chip. 

Reference volt- Reference voltage output to base 
age of series-pass transistor; this ref- 

erence controls VCR. 

Supply voltage +5 volt power. 



Input/output 
lines 



Pump down 
output 



Pump up output 
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SYSTEM INTERFACE 

A typical floppy disk controller using an 8X300 microcon- 
troller and the 8X330 is shown in Figure 2. The non-shaded 
portion of this particular configuration can service the 
command, status, and input/output requirements of two 
double-sided disk drives and, under software supervision, 
the system can read/write single-density (FM) or double- 
density (MFM/M2FM) codes. Interface requirements are 
simple— on one hand, consisting of the 8X300 microcon- 
troller and, on the other, the two disk drives. All 8X330 
control and data registers directly linked to the micropro- 
cessor interface (Figure 1) are addressable and appear to 
the 8X300 as simple I/O ports; a 1 3-bit address bus and a 16- 
bit instruction bus provide communications between the 
8X300 and up to 8K of microprogram storage. 

The disk-drive interface consists of seven (7) output control 
lines (DC1-DC7), five (5) input status lines (DS1-DS5), a write 
gate (WG), a data- write output (DW), and a data-read input 
(DR). The twelve command/status lines are not dedicated; 



thus, the user can assign system functions to best suit a 
given application. As shown in Figure 2, all control lines 
except WG are buffered to accommodate a reasonable 
distance between the controller and the disk media; the 
Write Gate, being a 40-milliampere output, requires no 
buffering. 

As shown by the shaded part of Figure 2, the control and 
status lines can be expanded with peripheral hardware— the 
8T32 (in this example) being only one method of implemen- 
tation. Using this particulartechnique, one I/O port is totally 
dedicated to output control, whereas, the other port is 
totally dedicated to input status. With additional hardware 
and supporting software, the disk-drive system can be 
expanded without limit; however, from a point of being 
practical, five or six drives is sufficient for most applica- 
tions. By using the programmable features of the 8X330, the 
user can emphasize and prioritize those system parameters 
that are most important— economics, reliability and/or 
speed. 



USER-DEFINED 
■ DRIVE-CONTROL 
SIGNALS 




USER-DEFINED 
DRIVE-STATUS 
SIGNALS 



Figure 2. Typical Interface Using an 8X300 Microcontroller 
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FUNCTIONAL OPERATION 

As shown in Figure 2, the interface bet ween the 8X300 and 
8X330 consists of twelve (12) lines— IV0-IV7, SC, WC, 
MCLK, and ME; the Master Enable (ME) jnput (pin 21) is 
driven from either the LB (Left Bank) or RB (Right Bank) 
output of the 8X300. An expanded view of this interface is 
shown in Figure 3 and, as indicated, the 8X330 appears as a 
number of addressable registers (11 08-1278 and 1328-1378) 
under input/output control of the 8X300. These registers are 
used for general-purpose storage, data-transfer operations, 
disk commands, disk status, and various control functions. 
Design-oriented information for these registers and other 
data-processing/logic functions of the 8X330 are described 
in the paragraphs that follow; in all of these registers, bit is 
the Most Significant Bit (MSB). 



NOTE 

When power is first applied to the 8X330, the Disk Command lines (DC1-DG7), the Write 
Gate (WG) output, and contents of Command/Status Register #2 (GSR #2) are set to 1 
(high). The wakeup state of all other bits is undefined. 

General-Purpose Register File 

This general-purpose (scratch pad) memory is directly 
accessible by the 8X300 and is used to store system vari- 
ables such as track address, sector address and other 
necessary parameters. The sixteen 8-bit registers (IIOs- 
1 278) provide sufficient on-chip memory to accommodate a 
minimum of two disk drives; the maximum number of drives 
that this non-dedicated memory file can support depends 
on several factors— system configuration, reliability re- 
quirements, economic constraints, and so on. Because of 
the on-chip file, all other system memory can be dedicated 
to the purpose of handling data to-and-f rom the disk media. 



I/O BUS 
BUFFERS/ 
DRIVERS 



SC 

— WC- 
■MCLK- 



1/0 BUS 

CONTROL 

LOGIC 



REGISTER 
CONTROL 








COMMAND/ 

STATUS 

REGISTER #2 

ADDRESS-1338 




-» 




' 




* 




* 




' 




— 




SECTOR LENGTH 
REGISTER 



ADDRESS-1368 



GENERAL- 
PURPOSE 
REGISTER FILE 
(16 8-BIT REG) 

ADDRESSES: 
1108-1278 



DATA REGISTER 



ADDRESS-1378 



C>' 




CHIP CONTROL LOGIC 



DISK 
COMMANDS 



DISK 
STATUS 



POWER 
FAIL 



WRITE 
GATE 




rHi-T ^^DI-^ I- 



LOW-PASS^ 
FILTER J 



CHIP STATUS 
and CONTROL 



PHASE-LOCK LOOP (PLL) 
and DATA-SEPARATION LOGIC 



READ DATA 
FROM DISK 



SYSTEM CLOCK 
■ PRECOMPENSATION CLOCK - 

DATA/CLOCK WINDOW — 

SYNCHRONIZED DATA — 



DATA PROCESSING and 
ERROR-CHECK FUNCTIONS 



->- 



WRITE DATA 
TO DISK 



Figure 3. An Expanded View of the 8X330/8X300 Interface 
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Command/Status Register #1 (CSR 1 /Address 1328) 

The disk status (read) or disk-command (write) contents of 
this register are interpreted as follows; unless otherwise 
indicated, all bits of CSR 1 are read/write from the I/O bus. 

Bit (Write Gate Enable) 

Enables write gate output (WG/pin 19) to disk drive(s)— the 
write gate (WG) cannot be enabled unless the PF input pin 
(18) is high. When the WGE bit is set too, the WGouput pin is 
low (enabled); when WGE is set to 1 , the WG output is high 
(disable d). If the PF input goes low while the WG output is 
low, the WG output will go high and the Write Gate Enable 
bit is reset to 1 . 

Bit 1 (CRC Enabie) 

When set to 1, permits internal CRC register to compute 
remainders on the data stream in either read or write modes 
of operation. When set to 0, the CRC register becomes the 
source of data. A change in the CRC Enable bit does not 
become effective until the "next BYTRA flag appears" 
following the command bit change— refer to description of 
CSR 1/Bit 6. 

Bit 2 (Data Register Control) 

When set to 0, contents of data register consists of inter- 
leaved data-and-clock bits; starting from the MSB (IVO) 
position, register contents are: Clock 1, Data 1, Clock 2, 
Data 2, Clock 3, Data 3, Clock 4, and Data 4. When writing an 
address mark, the appropriate data/clock pattern is loaded 
into the data register by the 8X300. Since each byte of data 
from the processor becomes an interleaved pattern (4-bits 
of data and 4-bits of clock) in the 8X330 data register, two 
bytes from the processor are required to write each full byte 
of address mark to the drive— eight bit cells with each cell 
containing a possible data and/or clock transition, or a total 
of 16 bit positions. When writing address marks, the normal 
on-chip clock insertion circuitry of the 8X330 is inhibited; 
thus, the user is free to define any clock/data pattern for the 
address mark. 

When reading address marks, the data register is loaded 
with data and clock representing four bit cells from the disk 
media. The information in the data register can then be 
compared with the expected address mark by the 8X300 on 
a nibble-by-nibble basis. When the DRC bit is set to 1, the 
data register contains separated data (no clocks). A state 
change in this bit does not become effective until the "next 
BYTRA flag appears" following the state-change command. 

Bit 3 (Sync Enable) 

The Sync Enable bit allows the on-chip data separator to 
obtain bit and byte synchronization; this bit also controls 
initialization of the CRC Register. With the 8X330 in Read 
mode and with Bit 3 set to 0, bit synchronization occurs. The 
Preamble field is assumed to be all "zeroes" or all "ones" as 
determined by the Preamble Select bit (CSR 2/Bit 4). 

When the proper number of preamble bytes, as determined 
by the disk-control program, have been found, the Sync 
Enable bit should be changed, under program direction, to 



a 1 . This puts the 8X330 in the Address-Mark search mode. 
Accordingly, all bits of the CRC Register are preset to 1 , the 
BYte TRAnsfer flag is inhibited, and the 8X330 examines the 
data stream for an Address Mark. The Address Mark is 
detected by observing the data and clock bits to find a 
change in the normal Preamble pattern. Byte synchroniza- 
tion is achieved by assuming that the change occurred in 
the bit cell determined by two Bit Select bits (CSR 2/Bits 2 
and 3). 

When the pattern change is found indicating the start of an 
Address Mark, the 8X330 starts CRC computation and 
synchronizes BYTRA to the byte boundaries. Note that the 
8X330 presumes an Address Mark by finding a change in the 
preamble pattern; however, it is up to the 8X300 to read the 
Address Mark and to establish its validity or non-validity. 

In write mode, setting the Sync Enable bit to presets all 
bits of the CRC Register to 1 . Setting the Sync Enable bit to 
1 allows CRC computation to begin at the next byte boun- 
dary. 

Bit 4 (Load Counter) 

When set to 1 , transfers 8-bits of data from Sector Length 
register and 1-bit (MSB) of data from Byte Counter (refer to 
next description) to 9-bit Byte Counter. Loading of the 9-bit 
Byte Counter is effective one bit-cell time after the Load 
Counter bit is set to 1. In both the read and write modes of 
operation, the Byte Counter is incremented by BYTRA. The 
Load Counter bit is self-clearing and always returns a 
when read. 



NOTE 

The Load Counter bit must be set one or more instruction cycles after setting the Byte 

Counter MSB, that Is, bits 4 and 5 of CSR 1 cannot be set during th same instruction cycle. 



Bit 5 (Byte Counter MSB) 

This bit is used to set and monitor the state of the ninth 
(MSB) bit in the Byte Counter; reading this bit always 
returns the current state of MSB in the Byte Counter. The 
MSB of the Byte Counter is set to the value of CSR 1/Bit 5 
when the Load Counter bit (CSR 1/Bit 4) is asserted— refer 
to preceding description. 



NOTE 

The Byte Counter MSB must be set one or more instruction cycles before the Load 

Counter bits— bits 4 and 5 of CSR 1 cannot be set during the same instruction cycle. 



Bit 6 (BYTRA) 

During a disk read operation, the BYte TRAnsfer flag is 
automatically set to when 8-bits of information are trans- 
ferred from the Data Shift Register to the Data Register 
—see Figure 1. During a disk write operation, BYTRA is 
automatically set to when 8-bits are transferred from the 
Data Register to the Data Shift Register. BYTRA (a read- 
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only bit) is reset to a 1 when the Data Register (address 1378) 
is selected by the user's program. During read/write opera- 
tions, the 1 -to-0 transition of the BYTRA flag increments the 
Byte Counter to keep count of bytes read or bytes written. 
All read-only bits of the 8X330 are designed to remain stable 
during the monitor period; thus, to read a status change of 
BYTRA, Disk-Status bit, the Byte Counter MSB, or other 
read-only bit requires a two-instruction loop similar to: 



TEST 



SEL 
NZT 



CSR 1 
BYTRA, 



TEST 



Bit 7 (Disk Status 1) 

Reflects state (0 or 1) of input DS1 (pin 17); this is a user- 
definable read-only bit. 



NOTE 

A high input on any one of the Disk Status lines of the 8X330 is read by the 8X300 program 

as a logical 1 and a low input on the status lines is read as a logical 0. 



Command/Status Register #2 (CSR 2/ Address 1338) 

The disk status (read) or disk-command (write) contents of 
this register are interpreted as follows: 

Bit (Precompensation Enable) 

This command bit determines whether or not precompen- 
sation is applied to the data stream being written onto the 
disk. When set to 0, precompensation is inhibited. When set 
to 1 and with double-density encoding, write precompensa- 
tion is applied to the following data/clock bit patterns: 



Precomp 
Time 



Data/Clock Pattern 
(in Data Shift Reg) 



Bit Being Bits Already Written 
Written to Disl< 



2T (Late) 

2T (Late) 

2T (Early) 1 

2T (Early) 



1 

1 









1 

1 

1 



where, T 



1 



crystal frequency 
2 

crystal frequency 



if bit 7 of CSR 2 (V2F) = 1 



if bit 7 of CSR 2 (I/2F) = 



Bit 1 (Read l\/lode) 

When set to 0, the 8X330 reads data from the disk and 
transfers it to the Data Register; when set to 1, data from the 
Data Register is transferred to the disk, provided the Write 
Gate Enable bit (CSRI/Bit 0) is set to 1 . With WGE set to 
and the Read Mode bit set to 1, the current-controlled 
oscillator is forced to lock onto the crystal oscillator; this 
technique is used during a data-read operation to ensure 
rapid acquisition of the disk data. 

Bits 2,3 (Bit Seiects 1 and 0) 

Together with the Sync Enable (CSR 1 /Bit 3), these two bits 
allow the user to establish byte boundaries for the data 
stream; this is done in the following way. After bit synchron- 
ization is established, and the preamble pattern is verified, 
the 8X330 looks for a change in the normal preamble 
pattern. As shown in the following truth table. Bit Select 1 



(Bit 2) and Bit Select (Bit 3) identifies the bit cell within the 
first nibble of the first Address-Mark byte in which the first 
deviation from the normal preamble is expected. BYTRA is 
always referenced to bit cell 0. 



BSO 



BS1 



Bit Celi 















1 


1 


1 





2 


1 


1 


3 



Bit 4 (Preambie Seiect) 

This bit is used only for bit sychronization— refer to CSR 
1/Bit 3. With Bit 1 of CSR 2 set to (Read Mode) and the 
Preamble Select bit set to 0, the preamble field Is assumed 
to be all zeroes; with the Preamble Select it set to 1, the 
preamble field is assumed to be all ones. In either case, 
preamble validity is determined by the 8X300. 

Bits 5,6 (El and E2) 

Together, El and E2 select the encoding scheme used to 
write data on the disk— refer to truth table that follows. 



El 



E2 



X 



1 

don't care 



Encodihg Scheme 

FM 
MFM 
M2FM 



Bit 7 (1/2F) 

This bit allows the data transfer rate to be changed without 
modification of the frequency-selective components in the 
data-separation logic; thus, differences in data transfer 
rates between standard-and-mini floppies can be accom- 
modated via software— no component or other hardware 
changes. Assuming an 8 MHz crystal and with the 1/2F bit 
set to 1 , the data transfer rate is 250K-bits per second in the 
single-density (FM) mode and 500K-bits per second in the 
double-density (MFM/M2FM) mode. When set to 0, the 
transfer rates are halved— 125K-bits and 250K-bits, respec- 
tively. When using frequencies other than 8 MHz, the data 
transfer rate is determined as follows: 



Bit 7 (V2F) 



1 



Single-Density 
(FM) 

xtal freq 

64 
xtal freq 

32 



Double-Density 
(MFM/M2FM) 

xtal freq 

32 
xtal freq 

16 



Command/Status Register #3 (CSR 3/Address 1348) 

This register contains seven bits (Bit through Bit 6) which 
determines the state of the disk-command outputs; writing 
to Bit 7 has no effect and reading Bit 7 always returns a zero. 
When a logical "1" is specified by the 8X300 program for a 
given disk-command line, a high will appear at the output of 
the 8X330 for that particular command line. Each bit and the 
output pin it controls are summarized below. 
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Bit (CSR 3) 


Control Function 


Pitg 


Pin No. 





DC1 Output 




12 


1 


DC2 Output 




11 


2 


DCS Output 




10 


3 


DC4 Output 




9 


4 


DCS Output 




8 


5 


DC6 Output 




7 


6 


DC7 Output 




6 



Command/Status Register #4 (CSR 4/Address 1358) 

This register contains four bits (Bit througli Bit 3) which 
reflect the state of the disk-status inputs to the 8X330; 
reading all other bits (4 through 7) always returns a zero. 
These read-only bits and the reflected status they represent 
are as follows; the information specified by notation for Bit 
7/CSR 1 is applicable to these input lines. 



Bit (CSR 4) 


Controi Function 


Pkg 


Pin No. 





DS2 Input 




16 


1 


DS3 Input 




15 


2 


DS4 Input 




14 


3 


DS5 Input 




13 



Sector Length Register—Address 1368 

This register contains the load value for the lower eight 
(LSBs) bits of the Byte Counter. Data is transferred from the 
Sector Length Register to the Byte Counter under control of 
Load Counter Bit in CSR 1. When the contents of this 
register are transferred to another location via a read or 
write commands, the original holding of data is not lost; 
thus, if the same data is to be used more than once, a 
repetitive read or write can be implemented without reload- 
ing the register. 

Data Register— Address 1378 

Together with the Data Shift Register, the Data Register is 
used for bidirectional transfer of data between the 8X330 
and the I/O bus. All transfers to-and-from this register are 
made in conjunction with Bit 6 (BYTRA— Byte Transfer 
Flag) of CSR 1. When the Data Register Control bit (CSR 
1/Bit 2) is set to 0, the content of this register is interleaved 
with four bits of data and four bits of clock. When data is 
transferred from the Data Register to the Data Shift Regis- 
ter, the original content of the Data Register is not lost. 



Phase Lock Loop (PLL) and Data Separation Logic 

An expanded view of the phase-lock loop and the data- 
separation logic is shown in Figure 4. Basically, the PLL 
consists of two counters, a phase detector, and a feedback 
loop containing a low-pass filter (off-chip) that controls a 
phase-locked oscillator (CCO). In simplified form, the data- 
separation logic consists of data flip-flops (pulse synchron- 
izer) and other circuits required to separate data and clock 
transitions. In the read mode, the output of the phase- 
locked oscillator (CCO) is applied to the clock inputs of 
counter #1, counter #2, and the pulse synchronization 
circuits. Essentially, the frequencies of the two counters are 
identical (phase relationships may or may not be identical); 
to maintain proper frequencies and to continuously correct 
for any phase deviations, the following actions occur. 

Preset values which represent, respectively, nominal mid- 
points of the clock and data windows are present at counter 



#2 and, when an output appears at the pulse synchronizer, 
these preset values are entered. The count sequence for 
both counters is from "0 to F"; hence, the phase difference 
between Carry 1 (counter #1) and Carry 2 (counter #2) 
actually corresponds to any phase deviation between the 
CCO and the synchronized data from the disk. The phase 
detector measures the phase difference between the two 
carry inputs and produces a series of quantized pulses 
whose widths are proportional to the phase error at the end 
of each counting cycle. After integration by the low-pass 
filter, a current proportional to the phase error is applied to 
the current-controlled oscillator. Accordingly, the CCO is 
driven in a direction (pump-up or pump-down) to correct 
any phase difference between the synchronized disk data 
and the feedback-controlled clock. Phase detector charac- 
teristics for both single-and-double density formats are 
shown in Figures 5 and 6. 
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(0 
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s 
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Z 


NOTE 


All horizontal/vertical units are specified in CCO clock periods; for 


Standard Floppy FM Format, one CCO clock period equals 250 


nanoseconds 


Figure 5. Phase Detector Characteristic for 


Single-Density (FM) Format 
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NOTE 

All horizontal/vertical units are specified In CCO clock periods; for 
Standard floppy double density (MFM/M2FM), one CCO clock period 
equals 125 nanoseconds 



Figure 6. Phase Detector Characteristic for 
Double-Density (MFM/M2FM) Format 
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Data Processing and Error-Check Functions 

These functions of the 8X330 are summarized in Figures 7 
and 8. The read/write operations are software-controlled by 
previously-described bits of command/status registers 



CSR1 and CSR2. For the sake of simplicity, control lines 
and much of the control logic associated with the data 
processing and error-check functions are omitted in the 
read/write diagrams. 



DATA 
REGISTER 



DATA SHIFT 
REGISTER 



CRC 
GENERATOR 



CRC 
ENABLE 



ENCODE 
ENABLE 



WRITE 
PRECOMP GATE 

ENABLE/DISABLE ENABLE 



MULTIPLEXER 



CLOCK 

ENCODING 

LOGIC 



PRECOMPENSATION 
LOGIC 



Figure 7. Simplified Block of Data Processing and Error Check 
Functions— Write l^/lode 



CRC 
GENERATOR 



CRC 
ENABLE 



DATA 
REGISTER 



DATA SHIFT 
REGISTER 



MULTIPLEXER 



BYTE SYNC 
ENABLE 



CLOCK/DATA 

SEPARATION 

LOGIC 



PULSE 

SYNC 

CIRCUITS 



READ 
FROM 
DISK 



PHASE LOCK LOOP 



Figure 8. Simplified Block of Data Processing and Error Check 
Functions— Read IVIode 
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DC CHARACTERISTICS Vqc = 


5V (±5%), Ta = 0°C to 70°C 












PARAMETER 


TEST CONDITIONS 


LIMITS 


UNITS 


COMMENTS 


Min 


Typ 


Max 


V|H 


High level input voltage 




2.0 




Vcc 


V 


For all inputs except XI, X2, 
C1,C2, ceo, and VcR 


V|L 


Low level input voltage 




-1.0 




.8 


V 


Vcc 


Supply voltage 




4.75 


5.0 


5.25 


V 


5V(±5%) 


VCR 


Regulator voltage 


Vcc = 5V 




3.1 




V 


From series-pass transistor 


VCL 


Input clamp voltage 


Vcc = Min 
\\fi = —5mA 


-1.0 






V 


Inputs XI, X2, ei, 02, and OCO 
do not have internal clamp 
diodes. 


VOH 


High level output voltage 


Vcc = Min; 
lOH = -0.4mA 


2.7 






V 


DCI through 007 (Pins 6-12) & 
DW (Pin 4) 


Vcc - l^'"; 'oh = -3mA 


2.4 






V 


IV0-IV7 (Pins 25-32) 


Vol 


Low level output voltage 


Vcc = Min; 
Iql = 8"iA 






0.5 


V 


DOI through DC7 (Pins 6-12); 
PUP. PDN (Pins 33, 34); DW 
(Pin 4) 


Vcc ~ ^^'"; 'OL ~ 16mA 






0.55 


V 


IV0-IV7 (Pins 25-32) 


Vcc - Min; Iql = 40mA 






0.55 


V 


WG (Pin 19) 


'CEX 


Open-collector leakage 
current with output set to 1 . 


Vcc = Min; 
Vqut = Vcc 






100 


mA 


WG (Pin 19); PUP (Pin 34); 
PDN (Pin 33) 


l|H 


High level input current 


Vcc = Max; V|n = 2.7V 






20 


mA 


DS1-DS5(Pin8 13-17); 
PF (Pin 18); DR (Pin 5) 






40 


HA 


ME (Pin 21); MOLK (Pin 22); 
SO (Pin 23); WC (Pin 24) 


Vcc = Max; 
V|N = 5.25V; 
COO (Pin 35) input 
current = 0mA 


1 




4 


mA 


With 01 (Pin 36) under test, 02 
(Pin 37) is open and, vice-versa. 


Vcc = Max; Vin = 5.25V 
COO (Pin 35) input 
current = 1mA 







2 


mA 


Vcc = Max; 
V|N = 0.6V 


1 




4 


mA 


With XI (Pin 2) under test, X2 
(Pin 3) is open and, vice-versa. 


Vcc = Max; V|n = 4.5V 






50 


mA 


IVO - IV7 (pins 25-32) 


Vcco 


Input voltage for 

current-controlled 

oscillator 


Vcc = 5V; Ta = 25°C 
ceo input current 
(Pin 35) = 300 mA 




750 




mV 
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DC CHARACTERISTICS (Cont'd) Vqc = 5V (±5%), Ta = o°c to 70°c 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNITS 


COMMENTS 


Min 


Typ 


Max 


l|L Low level input current 


Vcc = Max; 
V|N = 0.4V 






-400 


mA 


DSl-DS5(Pins 13-17); 
PF (Pin 18); DR (Pin 5) 






-800 


mA 


ME (Pin 21); MCLK (pin 22); 
SC (Pin 23); WC (Pin 24) 


-1 




-4 


mA 


XI (Pin 2), X2 (Pin 3), CI (Pin 36). 
and C2 (Pin 37)— with XI under 
test, X2 is open and, vice-versa; 
the same relationship exists for 
CI and C2. 


Vcc = Max 
V|N = 0.5V 






-550 


mA 


IV0-IV7 (Pins 25-32) 


IqS Output short-circuit current 


Vcc = Max; 

Output = "1"; VquT = "0". 

(NOTE 

At any time, no more than one output 

should be connected to ground) 


-15 




-100 


mA 


DC1-DC7 (Pins 6-12) &DW 
(Pin 4) 


-30 




-140 


mA 


IV0-IV7 (Pins 25-32) 


Ice (P'" 40) 


Vcc = Max 






200 


mA 




'CR 


Vcc = Max 






250 


mA 




•rEG (Pin 39) 


Vcc = 5V: Vcr = OV & Vr = 2V 


-16 




-24 


mA 





NOTES 

1. Operating temperature ranges are guaranteed after thermal equilibrium has been 
reached. 

2. All voltages measured with respect to ground terminal. 

3. Unless otherwise specified, each test requires that Vqp be supplied through a series- 
pass transistor as shown in the accompanying drawing. 



Vcc 




sjgnDtics 
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AC CHARACTERISTICS Vqc = 5V ( ± 5%). Ta = o°c to 70°c 








MNEMONIC 


REFERENCE 


INPUT 


OUTPUT 


Min 


Typ 


Max 


COMMENTS 


tpD 




^V ^ 


WG f~ 






30ns 


Refer to Note 3 and Test Loading Circuit #1. 


tPD 






WG r~ 






70ns 


/MCLK 


tPD 












70ns 


/mclk 


WG V_ 


tpD 






DCl-7y^~ 






70ns 


Refer to Note 3 and Test Loading Circuit #2. 


/MCLK 


tPD 












70ns 


/ MCLK 


DC1-7^ 


*pw 




Apf f 




50ns 








*pw 




^DR r 




50ns 








tpw 






\ DW / 








Note 1 


tSETUP 


\ SC 


Input on DS1-5 




55ns 






Note 2 


tSETUP 


^ WC 


Input on DS1-5 




55ns 






Note 2 


*SETUP 


^ ME 


Input on DS1-5 




55ns 






Note 2 


tHOLD 


^ SC 


Input on DS1-5 




0ns 






Note 2 


tHOLD 


\ WC 


Input on DS1-5 




0ns 






Note 2 


♦hold 


\ME 


Input on DS1-5 




0ns 






Note 2 


toE— ME, 

sc&wc 




^ ME 

~\ SC 

\ WC 


I/O bus 






25j7sec 


Refer to Test Loading Circuit #3. 


toD-ME. 
SC&WC 




ME f- 

SC r 
WC r 


I/O bus 
(three-state) 






SOrysec 


tw (MCLK 
pulse width) 








45ns 








J MCLK V 


tsD (data 
setup time) 




I/O bus 




50ns 








MCLK >^ 


tsD (ME setup 
time) 




ME 




45ns 








MCLK V_ 


tsD (SC setup 
time) 




SC 




45ns 








MCLK H^ 


tSD (WC setup 
time) 




WC 




45ns 








MCLK \^ 


tHD (data hold 
time) 




I/O bus 




0ns 








MCLK \^ 
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AC CHARACTERISTICS (Cont'd) Vqc = 5V (±5%). Ta = O^C to 70°C 



MNEMONIC 


REFERENCE 


INPUT 


OUTPUT 


Min 


Typ 


Max 


COMMENTS 


tHD (ME hold 
time) 




ME 




0ns 








MCLK '*^ 


tHD (SC hold 
time) 




SC 




0ns 








MCLK \_ 


tHD (WC hold 
time) 




WC 




0ns 








MCLK \_ 



NOTES 

1. Write pulse width = 2/FxxaL' •''''* '*■ ^°' 8MHz crystal, tpyy, = 250»)sec (typical) 

2. Changes on DSl-6 are not stored in read mode (ME = 0, SC = 0, and WC = 0) 

3. During the period when MCLK Is high, measurement is made with ME = Low, SC = Low, 
and WC = High. 



TEST LOADING CIRCUIT 



CIRCUIT #1 



FROM OUTPUT 
UNDER TEST 




CIRCUIT #2 



FROM OUTPUT q_ 
UNDER TEST 



Cl 
300pF 



T 



Rli 

505^ 



RL2 

54Sn 



CIRCUIT #3 



FROM OUTPUT q 




< 
< 


; RL1 

► 2320 


UNDER TEST "' 


-L Cl e Rl2 
T^ > 169n 



r 



PROPAGATION DELAY TIME 



PULSE WIDTH WAVEFORM 



INPUT 1.5V 



)iC 



r* tpd H 

I I 



y^ 



SETUP & HOLD TIMES 



REFERENCE 



31^ 

'HOLD 



j* 'SETUP ■*|'*~ 'HOLD -^ 

Njy v!> 

DATA/CONTROL ■•- 1.5V 



\—J^ 



-'PW 



OUTPUT ENABLE AND DISABLE TIMES 
IV0~IV7 



DATA 
OUTPUT = 



DATA 
OUTPUT = 1 




I «0D I 



signotics 



15 



BIPOLAR LSI DIVISION 



CLOCK REQUIREMENTS 

Crystal Oscillator.The on-chip crystal oscillator circuit is 
designed for operation using an external series-resonant 
quartz crystal; alternately the crystal oscillator can be 
driven with complementary outputs pf a pulse generator or 
interfaced to a master clock source via TTL logic— see 
accompanying circuits. When a crystal is used, the on-chip 
oscillator operates at the resonant frequency (f.) of the 
crystal; the crystal connects to the 8X330 via pins 3 (XI ) and 
2 (X2). The lead lengths of the crystal should be approxi- 
mately equal and as short as possible; also, avpid close 
proximity to all potential noise sources. The crystal should 
be hermetically sealed (HC type can) and have the following 
electrical characteristics: 

Type: Fundamental mode, series resonant 
Impedance at Fundamental: 35-ohms maximum 
Impedance at Harmonics and Spurs: 50-ohms minimum 

When the crystal oscillator is externally-driven, typical 
waveforms are as follows: 



CLOCKING XTAL OSC WITH PULSE GEN 



+ 








3 (XI) 




t 








^ son 






PULSE 
GENERATOR 


r 


>5on 




8X330 


- 




J 




2(X2) 









PULSE GEN CHAR: 

zouT = son 

VquT = 0-2V 
RISETIME < 10r;SEC 
SKEW < IOT7SEC 
COMPLEMENTARY OUTPUTS 



CLOCKING XTAL OSC WITH OPEN-COLLECTOR 
TTL 






X1 — ^ 
X2 — ». 


, \ 


r^ 




A. 


(*- tSKEW -*^ 




J 


\ 

,1 


/ 




1 

^ 

FREQ 
'PW = 

'skew 


*i 


JENCY = 8 MHz (TYP)/16 MHz (MAX) 
50% (TYP) 
, < IOtjSEC 
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Current-Controlled Oscillator (CCO). 

A non-polarized ceramic or mica capacitor is recom- 
mended for the current-controlled oscillator. The capacitor 
connects to the 8X330 via pins 37 (C2) and 36 (CD; lead 
lengths of the capacitor should be approximately the same 
and as short as possible. When the input current to the CCO 
is near zero (maximum frequency), the capacitor value 
should be chosen so that the high-limit rest frequency of the 
oscillator does not exceed 24 MHz. If the rest frequency is 
higher than 24 MHz, synchronization of the CCO with the 
crystal oscillator just prior to the read operation, may be 
impeded. The curves in Figure 9 (current-versus-frequency) 
and Figure 8 (capacltance-versus-frequency) show how 
these design parameters affect operation of the CCO over a 
temperature range of 0**C to 70° C. A suitable test circuit for 
verification/validation of the current-controlled oscillator is 
also shown in Figure 10. Likethecrystal oscillator, theCCO 
can be driven with the TTL output of a pulse generator or 
interfaced to a master clock via TTL logic— see accompany- 
ing diagrams. 



CLOCKING WITH OPEN-COLLECTOR TTL 



FROM TTL 
TOTEM-POLE O- 
OUTPUT 



470n 



Clfif ^ 



-*■ TO C2 (PIN 37) 



TO CI (PIN 36) 



CLOCKING WITH PULSE GENERATOR 



OUTPUT OF 
PULSE GEN 



470n 

_VvV- 



-♦ TO C2 (PIN 37) 



o^|l1 := 



-»• TO CI (PIN 36) 
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BIPOLAR LSI DIVISION 
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CAPACITANCE IN PICOFARADS 



Figure 10. Capacitance-versus-Frequency with: Vcc = 5V, VCR 
2.5V, and I = 300mA 



VOLTAGE REGULATOR 

All internal logic of the 8X330 is powered by an on-chip 
voltage regulator that requires an external series-pass 
transistor. Electrical specifications for the off-chip power 
transistor and a typical hook-up are shown in accompany- 
ing diagrams. To minimize lead inductance, the transistor 
should be as close as possible to the 8X330 package and the 
emitter should be ac-grounded via a 0.1 -microfarad capaci- 
tor. 

TYPICAL HOOK-UP 



ORDERING INFORMATION 

Order number: N8X330 

Packaging information: Refer to Signetics price list 

Supply voltage: 5V (±5%) 

Operating temperature range: 0°C to +70° 




ELECTRICAL SPECIFICATIONS 
•PARAMETER CONDITIONS 



LIMITS 



hfe 


VcE = 2V 


>50 


Vbeon 


VcE = 5V/lc = 500mA 


<1V 


VCESAT 


Ic = 500 mA/lB = 50 mA 


<0.5V 


BVCEO 




>8V 


ft 




>30 MHz 



•Medium power NPN silicon (0°<Ta<70°C) recommended parts: 2N5320, 2N5337 
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PRELIMINARY SPECIFICATION 



8X350-F 



DESCRIPTION 

The 8X350 bipolar RAM is designed princi- 
pally as a working storage element in an 
8X300 based system. Internal circuitry is 
provided for direct use in 8X300 applica- 
tions. When used with the 8X300, the RAM 
address and data buses are tied together 
and connected to the IV bus of the system. 

The data inputs and outputs share a com- 
mon I/O bus with 3-state outputs. 

The 8X350 is available in commercial and 
military temperature ranges. For the com- 
mercial temperature range (0°C to -l-75°C) 
specify N8X350-F, and for the military tem- 
perature range (— 55°C to -l-125°C) specify 
S8X350-F. 

FEATURES 

• On-chip address latches 

• 3-state outputs 

• Schottky clamped TTL 

• Internal control logic for 8X300 system 

• Directly interfaces with the 8X300 
bipolar microprocessor with no 
external logic 

• May be used on left or right banic 

APPLICATIONS 

• 8X300 worl(ing storage 



TYPICAL I/O STRUCTURE 



PIN CONFIGURATION 




F PACKAGE 



D7 \T 
D6 \T 
05 \T 
D4 [T 
D3 [T 
D2 [T 
Di [T 
Do [T 
ME [T 
WC [l? 
GND [TT 



F = Cerdip 



m vcc 

Jt] A7 

Jo} A6 

iH As 

"isl A4 

iU A3 

Te] A2 

iH A1 

"m] Ao 

TT) MCLK 

17] sc 



ABSOLUTE MAXIMUM RATINGS 






PARAMETERS 


RATING 


UNIT 


Vcc Supply voltage 


+7 


Vdc 


V|N Input voltage 


-1-5.5 


Vdc 


Output voltage 




Vdc 


Vqh High 


-1-5.5 




Vq Off-state 


-1-5.5 




Temperature range 




°C 


Ta Operating 






N8X350 


to +75 




S8X350 


-55 to -1-125 




"•"STG Storage 


-65 to +150 





TRUTH TABLE 


Note 


x = 


Don't care 














BUSSED 


MODE 


ME 


sc 


WC 


MCLK 


DATA/ADDRESS 
LINES 


Hold address 












Disable data out 


1 


X 


X 


X 


HighZ 


Input new address 





1 





1 


Address 


Hold address 










HighZ 


Disable data out 





1 








HighZ 


Hold address 












Write data 








1 


1 


Data in 


Hold address 












Disable data out 








1 





HighZ 


Hold address 












Read data 











X 


Data out 


Undefined state ^^ 





1 


1 


1 


— 


Hold address^^ 












Disable data out 





1 


1 





HighZ 



BLOCK DIAGRAM 



ADDRESS 
BUFFER 
WITH 
LATCH 



rto-^ 



■° — T^ 



azM> 



C>H> 



ROW 
DECODE 
1 OF 32 



COLUMN 
DECODE 
1 OF 8 



COLUMN SELECT 



READ/WRITE CIRCUIT 



OUTPUT BUFFERS 







'' '' '' ' 



Do Di D2 D3 D4 D5 De D7 
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PRELIMINARY SPECIFICATION 



8X350-F 



DC ELECTRICAL CHARACTERISTICS^ N8X350: o°c < Ta < +75°c. 4.75V < Vcc ^ 5.25V 

S8X350: -55»C < Ta < 4-125''C, 4.75V < Vqc ^ 5.25V 



PARAMETER 


TEST CONDITIONS 


N8X350 


S8X350 


UNIT 


Min 


Typ 


Max 


Min 


Typ 


Max 


Input voltage 
VjL Low^ 
V|H Highi 
V|c Clampi.3 


Vcc = Min 

Vcc = Max 

Vcc = Min, l||sj = -12mA 


2.0 




.85 
-1.2 


2.0 




.80 
-1.2 


V 


Output voltage 
Vol Low1.4 
VoH High 1.5 


Vcc = Min 
Iql - 9.6mA 
Iqh = -2mA 


2.4 




0.5 


2.4 




.5 


V 


Input current 
l|L Low 
l|H High 


V|N = 0.45V 
V|N = 5.5V 






-100 
25 






-150 
50 


fiA 


Output current 
lO(OFF) High Z state 

•oS Short circuit3.6 


ME = High, Vqut = 5.5 V 

ME = High. Vqut = 0.5 V 

SC = WC, ME = Low, 

Vqut = OV, stored High 


-20 




40 
-100 

-70 


-15 




60 
-100 

-85 


mA 
mA 

mA 


'CC Vcc supply current^ 


Vcc = Max 






185 






185 


mA 


Capacitance 
C||sj Input 
CoUT Output 


ME = High, Vcc = 5.0V 

V|N = 2.0V 

VoUT = 2.0V 





5 
8 






5 
8 




PF 



AC ELECTRICAL CHARACTERISTICS 2,9 N8X350: O'C < Ta < +75° C, 4 75V < Vcc ^ 5.25V 

S8X350: -55'»C < Ta < +125°C, 4.75V < Vcc ^ 5.25V 





PARAMETER 


TO 


FROM 


N8X350 


88X350 


UNIT 






















Min 


Typ 


Max 


Min 


Typ 


Max 






Enable time 


















ns 


Tei 


Output 


Data out 


SC- 






35 






40 




TE2 


Output 


Data out 


ME- 






35 






40 






Disable time 


















ns 


Tdi 


Output 


Data out 


SC+ 






35 






40 




"•"02 


Output 


Data out 


ME+ 






35 






40 






Pulse width 


















ns 


Tw 


Master clock^ 






40 






50 










Setup and hold time 


















ns 


TSA 


Setup time 


MCLK- 


Address 


30 






40 








Tha 


Hold time 


Address 


MCLK- 


5 






10 








TSD 


Setup time 


MCLK- 


Data in 


35 






45 








Thd 


Hold time 


Data in 


MCLK- 


5 






10 








TSS 


Setup time 


MCLK- 


ME- 


40 






50 








TH3 


Hold time 


ME+ 


MCLK- 


5 






5 








TSI 


Setup time 


MCLK- 


ME- 


30 






40 








■'■H2 


Hold time 


ME- 


MCLK- 


5 






5 








TS2 


Setup time 


ME- 


SC-,WC- 









5 








Thi 


Hold time 


SC- 


MCLK- 


5 






5 








TH4 


Hold time 


WC- 


MCLK- 


5 






5 
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PRELIMINARY SPECIFICATION 

TIMING DIAGRAMS 



J 



TRANSPARENT ADDRESS READ CYCLE 




WC = 0l0'12 



LATCHED ADDRESS READ CYCLE 



/ 



^ 






///DON'T CARE 



TE2 

77777, 



-^1 Td2 h«- 



DATA OUT 
VALID 



TS2 



5^ 



SC = 010,12 



OV 
+3V 



+3V 
OV 



LATCHED ADDRESS WRITE CYCLE 

-jf- 1.5V ^ 1.5V 



\. 



-TS3- 



THst 



-TSD- 



Thd 



WWMM^9}i73^^''''' 



DATA IN VALID 



Dh^ 



/ 



-H ^H4 [^ 

\:! 



sc = oiO''2 



NOTES 

1. All voltage values are with respect to network ground terminal. 

2. The operating ambient temperature ranges are guaranteed with transverse air flow 
exceeding 400 linear feet per minute and a 2-minute warm-up. 

Typical thermal resistance values of the package at maximum temperature are: 
0j^ junction to ambient at 400fpm air flow - 50°C/watt 
0jy^ junction to ambient - still air - 90°C/watt 
0j;^ junction to case - 20°C/watt 

3. Test each pin one at a time. 

4. Measured with a logic low stored Output sink current is supplied through a resistor to 

vcc- 

5. Measured with a logic high stored. 

6. Duration of the short circuit should not exceed 1 second. 

7. \(^Q is measured with the write enable and memory enable inputs grounded, all other 
inputs at 4.5V and the output open. 

8. Minimum required to guarantee a Write into the slowest bit. 

9. Applied to the 8X300 based system with the data and address pins tied to the IV Bus. 

10. SC + ME = 1 to avoid bus conflict. 

11. WC + ME = 1 to avoid bus conflict. 

12. The SC and WC outputs from the 8X300 are never at 1 simultaneously. 



8X350-F 

TIMING DEFINITIONS 

Ts 1 Required delay between beginning 

of Master Enable low and falling 
edge of Master Clock. 

TsA Required delay between beginning 

of valid address and falling edge 
of Master Clock. 

^HA Required delay between falling 

edge of Master Clock and end of 
valid Address. 

IXW Required delay between falling 

edge of Master Clock and when 
Select Command becomes low. 

Tgi Delay between beginning of Se- 

lect Command low and beginning 
of valid data output on the IV Bus. 

Tq-i Delay between when select Com- 

mand becomes high and end of 
valid data output on the IV Bus. 

T|-|2 Required delay between falling 

edge of Master Clock and when 
Master Enable becomes low. 

Te2 Delay between when Master En- 

able becomes low and beginning 
of valid data output on the IV Bus. 

T02 Delay between when Master En- 

able becomes high and end of val- 
id data output on the IV Bus. 

TS2 Required delay between when Se- 

lect Command or Write Command 
becomes low and when Master En- 
able becomes low. 

Tv\^ Minimum width of the Master 

Clock pulse. 

TSS Required delay between when 

Master Enable becomes low and 
falling edge of Master Clock. 

Th3 Required delay between falling 

edge of Master Clock and when 
Master Enable becomes high. 

TsD Required delay between beginning 
of valid data input on the IV Bus 
and falling edge of Master Clock. 

Thd Required delay between falling 
edge of Master Clock and end of 
valid data input on the IV Bus. 

T|-|4 Required delay between falling 

edge of Master Clock and when 
Write Command becomes low. 

VOLTAGE WAVEFORM 



INPUT PULSES 



ALL INPUT PULSES 



-t-S.OV 



'J 



—*\ \* — 5ns 
+3.0V y 

OV L-i%^_^ 



-i 



— »- V» — 5ns 



1-^ 



H 



Measurements: All circuit delays are measured at 
the +1.5V level of Inputs and output. 
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PRELIMINARY SPECIFICATION 
TYPICAL 8X350 APPLICATION 



8X350-F 



SIGNETICS 
82S11S 
512X8 
PROM 



c 



CE2 



CEi 



SIGNETICS 
82S115 
512X8 
PROM 



< 



CE2 



A4-A12 
18-115 



CEi 



+56 — 



+5V 
O 



£< 



1 "■ 
h 



vcc 



^ 



^ lo-ns 



:> 



RESET HALT 
Q Q 



>320|^ 



VCR 



8X300 
MICROCONTROLLER 



"wra 



"1 
z 



C 



MCLK. 
SC. WC 



8x350 
256X8 
RAM 



c 



SIGNETICS 
8T32 



^ 



^ 



I/O PORT 



UD0-UD7 

< > 



^ 



I/O PORT 



. UD0-UD7 ^ 

< > 



-OBic S 

-OBOCO 



^:^ 



^ 



I/O PORT 



. UD0-UD7 ^ 

< > 



-OBIC 



> 




m 



I/O PORT 



UDO-UD7 

< > 



-O BIC 
-O BOCw 
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PRODUCT DESCRIPTION 

Both the 8T31 and 8X31 are 8-bit bidirectional data registers 
designed to function as Input/Output interface elements in micro- 
processor systems. The two parts are functionally identical; how- 
ever, the 8X31 is housed in a 0.4-inch Slim-Line package which 
makes it ideally suited for applications where board space is limit- 
ed. 

Each part contains eight clocked data latches that are accessible 
from either a microprocessor port or a user port. Separate I/O 
control is provided for each port. The two ports operate indepen- 
dently, except that when both are attempting to input data into 
the data latches, the User port (UD0-UD7) has priority. The master 
enable (ME) signal enables or disables the microprocessor bus 
regardless of the state of the other inputs but has no effect on the 
user bus. 

A unique feature of these parts is their ability to start up in a 
predetermined state. If the clock is maintained at a level of less than 
0.8 volts until the power supply reaches 3.5 volts, all bits of the user 
port will wakeup at a "logic 1 " level and those of the microprocessor 
port will wakeup in the high-impedance state. 



FEATURES 

• Dual bidirectional ports 

• Independent port operation (User-port priority for data entry) 

• User data input synchronous 

• At power-up, User-port outputs are high and Microprocessor- 
port outputs are high-Z 

• Three-state TTL outputs for high-drive capabilities 

• Directly compatible with 8X300 Microcontroller 

• Single +5V supply 

• Slim (0.4 in.) 24-pin DIP (8X31 only) 

ORDERING INFORMATION 

Order number: N8T31N, N8X31N 

Packaging information: Refer to Signetics price list 

Supply voltage: 5V (±5%) 

Operating temperature range: 0°C to +70° C 



BLOCK DIAGRAM 



PIN CONFIGURATION 



[? 



UDO 



Q 



^ 



z> 





ONE OF EIGHT 
BIT SLICES 



ti 



I 




ftO 



BIC J i °^— 



Q 



RC 
WC 



MCLK 



ME 









UD7 1 




2^ ^CC 


UD6 [2 




23 iv7 


UD5 [3 




22 IV6 


UD4 4 




21 iV5 


UD3 1 5 




20 iv4 


UD2 6 




19 TV3 


UDl 7 




18 iv2 


UDO 8 




iTl ivl 


BOC 9 




16 IvO 


BIC llO 




15 WC 


ME 11 




14 RC 


GIMD 12 




13 MCLK 









SJOIIDtiCS 



PIN DESIGNATION 



PIN 


SYMBOL 


NAME AND FUNCTION 


TYPE 


1-8 


UD0-UD7: 


User Data I/O Lines. Bidirectional data lines to 


Acitve high 






communicate with user's equipment. 


three-state 


16-23 


iV0-iV7: 


Microprocessor Bus. Bidirectional data lines to 


Active low 






communicate with controlling digital system. 


three-state 


10 


BIC: 


Input Control. User input to control writing into 
the I/O Port from the user data lines. 


Active low 


9 


BOC: 


Output Control. User input to control reading 
from the I/O Port onto the user data lines. 


Active low 


11 


ME: 


Master Enable. System input to enable or dis- 
able all other system inputs and outputs. It has no 
effect on user inputs and outputs. 


Active low 


15 


WC: 


Write Command. When WC is high, stores con- 
tents of IV0-IV7 as data. 


Active high 


14 


RC 


Read Command. When RC is low, data is 
presented on IV0-IV7. 


Active low 


13 


MCLK: 


Master Clock. Input to strobe data into the 
latches. See function tables for details. 


Active high 


24 


vcc: 


5V power connection. 




12 


GND: 


Ground. 





BIC 




MCLK 


USER DATA BUS FUNCTION 


BOC 


H 
L 
H 


L 
X 
H 


X 
H 
X 


Output Data 

Input Data 

Inactive 



H = High Level L = Low Level X = Don't care 

Table 1 USER PORT CONTROL FUNCTION 



ME 


RC 


WC 


MCLK 


BIC 


MICROPROCESSOR BUS 
FUNCTION 


L 


L 


L 


X 


X 


Output Data 


L 


X 


H 


H 


H 


Input Data 


X 


H 


L 


X 


X 


Inactive 


X 


X 


H 


X 


L 


Inactive 


H 


X 


X 


X 


X 


Inactive 



USER DATA BUS CONTROL 

The activity of th e u ser d ata bus is con- 
trolled by the BIC and BOC inputs as shown 
in Table 1. 

The user data input is a synchronous func- 
tion with MCLK. A low level on the BIC input 
allows data on the user data bus to be 
written into the data latches only if MCLK is 
at a high level. 

To avoid conflicts at the data latches, input 
from the m icroprocessor port is inhibited 
when BIC is at a low level. Under all other 
conditions the two ports operate indepen- 
dently. 

MICROPROCESSOR 
BUS CONTROL 

As is shown in Table 2, the activity of the mi- 
cro process or por t is controlled by the ME, 
RC, WC and BIC inputs, as we ll as the state 
of an internal status latch. BIC is included to 
show user port priority over the micropro- 
cessor port for data input. 

BUS OPERATION 

Data written into the 8T31/8X31 from one 
port will appear inverted when read from the 
other port. Data written into the 8T31/8X31 
from one port will not be inverted when read 
from the same port. 



Table 2 MICROPROCESSOR PORT CONTROL FUNCTION 
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DC ELECTRICAL CHARACTERISTICS 


Vcc = 5V ± 5%, 0°C < Ta < 70° 


C unless otherwise specified. 




PARAMETER 


TEST CONDITIONS 




LIMITS 




UNIT 






Min 


Typ 


Max 


Input voltage: 










V 


ViH High 




2.0 








ViL Low 








.8 




Vic Clamp 


1 1 = -5mA 






-1 




Output voltage: 


Vcc = 4.75V 








V 


VoH High 




2.4 








Vol Low 








.55 




Input currenf: 


Vcc = 5.25V 








ma 


liH High 


V|H = 5.25V 




<10 


100 




liL Low 


V|L = .5V 




-350 


-550 




Output currents: 










mA 


los Short circuit 


Vcc = 4.75V 










UD bus 




10 








IV bus 




20 








Ice VCC supply current 


Vcc = 5.25V 




100 


150 


mA 



NOTES 

1 . The input current includes the three-state/open collector leakage current of the output 
driver on the data lines. 

2. Only one output may be shorted at a time. 



PARAMETER MEASUREMENT INFORMATION 



LOAD CIRCUIT FOR THREE-STATE OUTPUTS 



ALL DIODES 

ARE 1IM914 

OR EQUIVALENT 



TEST 
POINT 



I 



I_, 



FROM 
OUTPUT 
UNDER 
TEST 



NOTE: Cl includes fixture capacitance 



1 Kn 



L 


• H 


SI OPEN 


Z 


• H 


S2 CLOSED 


H 


■ L 


SI CLOSED 


Z 


■ L 


S2 OPEN 


L 


• Z 


SI CLOSED 


H 


z 


S2 CLOSED 



CLOCK PULSE WIDTH 


1.5V 

_/ 


/ \ 


1.5V 

\ 













INPUT WAVEFORM 



10% - I 


t 


,<5r 


> 


\ 

'f 


10% 


Jv 


■" 



DATA DELAY TIMES 
Clock Referenced 




INPUT 
DATA 



OUTPUT 
DATA 
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AC ELECTRICAL CHARACTERISTICS 0° 


C<Ta< 70°C, Vcc = 5V±5% 








PARAMETER 


INPUT 


TEST 
CONDITION 


LIMITS 


UNIT 


Min 


Typ 


Max 




UDX 






25 


38 


ns 


\pQ User data delay ^ 
Xq^ User output enable 


MCLK 


C|_= 50pF 
C|_ = 50pF 


18 


45 
26 


61 
47 


ns 
ns 


BOC 


tQQ User output disable 


BIC 
BOC 


C|_ = 50pF 


18 
16 


28 
23 


35 
33 


ns 

ns 


tpQ iuP data delay ^ 


IV X 
MCLK 

ME 


C|_ = 50pF 




38 
48 


53 
61 


ns 
ns 


tQE /^P output enable 


RC 
WC 

ME 


C|_ = 50pF 


14 


19 


25 


ns 


tgo A^P output disable 


RC 
WC 


C|_= 50pF 


13 


17 


32 


ns 


tyy Minimum pulse width 


MCLK 




40 
15 






ns 


UDX3 




BIC 




25 








^SETUP Minimum setup time^ 


IV X 
ME 
RC 
WC 




55 
30 
30 
30 

25 






ns 


UDX3 




BIC 




10 








tiiQi Q Minimum hold time^ 


IV X 
ME 
RC 
WC 




10 
5 
5 
5 






ns 



NOTES 

1 . Data delays referenced to the clock are valid only if the input data is stable at the arrival 
of the clock and the hold time requirement is met. 

2. Set up and hold times given are for "normal" operation. BIC setup and hold times are for 
a user vt^rite operation. RC setup and hold times are for an I/O Port select operation. ME 
and WC setup and hold times are for a microprocessor bus v»rrite operation. 



3. Times are referenced to MCLK. 



VOLTAGE WAVEFORMS 



SETUP AND HOLD TIMES 




OUTPUT ENABLE AND DISABLE TIMES 

(Three-State Outputs) 

LOW LEVEL 
ENABLING 


CONTROL V. , ,;„ 
OUTPUT -/k-'=V 

j-«OE^ 


V 

-»-1.5V 

/|\ HIGH LEVEL 
y 1 \^ ENABLING 


h'oD-*j 

1 i ^/^^yvy 


—•m^'" 


1 .^^f//// .. 


h-«0E-H 1 


1 '""- 

1 . .. 


y/////j 
ouT?u%^^ y////f^-^^ 


1 tF// " 

1 1 


>-»o 

WAVEFORM #1 rS FOR AN OUTPUT WITH INTERNAL CONDI 
OUTPUT IS LOW WHEN THE THREE-STATE DRIVER IS ENA 
FOR THE OPPOSITE CONDITION. 


TIONS SUCH THAT THE 
3LED. WAVEFORM #2 IS 
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PRODUCT IDENTITY 

8T32— Three-state, field-programmable 
(addresses 0-255), synchronous 
user port 

8X32— Three-state, preprogrammed ad- 
dresses (0-15), synchronous user 
port in slim-line (0.4 in.) package 

8T33 — Open-collector, synchronous user 
port 

8T35— Open-collector, asynchronous 
user port 

8T36— Three-state, field-programmable 
(addresses 0-255), asynchronous 
user port 

8X36— Three-state, preprogrammed ad- 
dresses (0-15), asynchronous user 
port in slim-line (0.4 in.) package 

8X42— Three-state, 4-input/4-output, pre- 
programmed addresses (0-15), 
synchronous user port 

ORDERING INFORMATION 

All of the above parts can be ordered as 
field-programmable or with addresses pre- 
assigned at the factory. To order, use the 
following part-number format. 

N8XYY-ZZZ-P where, 
N8TYY-ZZZ-P 

P = F for Ceramic package and 
NA for Plastic pacltage 
ZZZ = Any address from 000 through 255 (decimal)— 256 
available addressesfor each 8T— part. For an 8X~ 
part, preassjgned addresses are limited to 000 
through 015 (decimal)— 16 available addresses. 
YY = I/O port version. 



FEATURES 

• Dual bidirectional ports (except 8X42) 

• independent port operation (user-port 
priority for data entry) 

• User data input available as synchronous 
(8T32/8X32/8X42/8T33) or as asynchro- 
nous (8T35/8T36/8X36) 

• User data bus available with three-state 
(8T32/8X32, 8T36/8X36, and/or 8X42) or 
open-collector (8T33 and/or 8T35) out- 
puts 

• At power-up, user-port outputs are high 
and microprocessor-port outputs are 
high-z; status latch (from address com- 
pare) Is also cleared at power-up 

• Three-state TTL outputs for high-drive 
capabilities 

• Directly compatible with 8X300 micro- 
controller 

• Single +5V supply 

• Slim (0.4 in.) 24-pin DIP (8X32/ 
8X36/8X42 only) 



A stocl< of 8T32s and 8T36s with addresses 
"1" through "10" are maintained in inven- 
tory; with a longer lead time, a small quanti- 
ty of addresses "11" through "50" are also 
available. 



PIN CONFIGURATION 









UD7 M~ 




f^^'cc 


UD6 VV 




23] iv7 


UD5 rr 




22] iV6 


UD4 [T" 




TT] 1 V5 


UD3 [T 




lo] 1 V4 


UD2 rr 




"19] iV3 


UD1 [T 




is] 1 W 


uDo rv 




17] 1^1 


BOC [T 




lej iVo 


bTc MO^ 




IF] wc 


ME [jT 




IX] sc 


GND n2^ 




17] MCLK 









PRODUCT DESCRIPTIONS 

8T32/8T33/8T35/8T36. Each of these I/O 
Bytes is an addressable and bi-directional 
register designed for use as an interface 
element in any system with TTL-compatible 
buses. (.Note. Since these I/O Bytes are 
frequently used with the 8X300 Microcon- 
troller and its associated Interface Vector 
bus, the 8T32-8T36 family of parts are com- 
monly calledlV Bytes.) Each I/O Byte con- 
tains eight identical data latches (Bits 
through 7); the latches are accessed from 
either of two 8-bit ports— one port connect- 
ing to the microprocessor (8X300) and the 
other port connecting to the user device. 



Separate controls are provided for each port 
and the two ports operate independently, 
except when both attempt to input data at 
the same time; in this case, the user port bus 
has priority. 

The address of each I/O Byte is field- 
programmable and the microprocessor port 
is accessed when a valid address is re- 
ceived; the user port is accessible at all 
times. A selected Byte is automatically de- 
selected when the address of another I/O 
Byte is sensed on the address/data bus. A 
Master Enable (ME) input is available for use 
as a ninth address bit, allowing direct ac- 



cess to 512 I/O Bytes without address dec- 
oding. 

A unique feature of these parts is their 
ability to start up in a predetermined state. If 
the clock is maintained at a level of less than 
0.8 volts until the power supply reaches 3.5 
volts, all bits of the user port willwakeupata 
"logic 1 " level and those of the microproces- 
sor port will wakeup in the high-impedance 
state. 



8X32/8X36. Except for package differences 
and the fact that the 8X32 and 8X36 are 
available with preprogrammed addresses (0 
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TYPICAL BLOCK DIAGRAM 



\? 



1 OF 8 BIT SLICES 



l_ 



3 



^ 



X> 




TX 



a 



1 1 1 1 1 1 



V 



^1 



I 



-a 



^ 



fi 



— fl^ 

BOC 1 I i 



BIC 



Jib 



o>-J 




i^ 



^- 



SC 

wc 



MCLK 



'Switch indicates synchronous/asynchronous user write option. Switch shown for synchronous version. 



through 1 5), these two devices are function- 
ally identical to their 8Txx counterparts; 
design parameters and interface require- 
ments are exactly the same. 

8X42. This part differs from the 8X32 in the 
following ways: 

• Bits 0-3 (pins 8-5, respectively) are dedi- 
cated user inputs controlled by Byte Input 
Contr ol (BiC/pin 10). Byte Output Control 
(BOC/pin 9) does not affect these bits and 
the user output drivers do not exist for 
these bits. 

• Bits 4-7 (pins 4-1, respectively) are dedi- 
cated user outputs whose three-state 
drivers are controlled by BOC; BiC has no 
control over these bits. 

• Pin numbers, software requirements, and 
AC characteristics of the 8X42 are identi- 
cal to those of the 8X32, ergo 8T32. A 
simplified block diagram of the 8X42 is 
shown in the accompanying diagram. 



SIMPLIFIED DIAGRAM OF 8X42 



/ 



MICROPROCESSOR 
(8X300) DATA 



\ 



MSB -^ y/- 



-/- 



8X42 



-7^ 



USER DATA 
OUTPUT 



jf USER DATA 

~^ INPUT 



sgnotics 



PIN DESCRIPTION 



PIN 


SYMBOL 


NAME AND FUNCTION 


TYPE 


1-8 


UD0-UD7: 


User Data I/O Lines. Bidirectional data lines to 
communicate with user's equipment. Either tri- 
state or open collector outputs are available. 


Active high 


16-23 


l\70-iV7: 


Microprocessor Bus. Bidirectional data lines to 


Active low 






communicate with controlling digital system 


three-state 






(microprocessor). 




10 


BIG: 


Input Gontrol. User input to control writing into 
the I/O Port from the user data lines. 


Active low 


9 


BOG: 


Output Gontrol. User input to control reading 
from the I/O Port onto the user data lines. 


Active low 


11 


ME: 


Master Enable. System input to enable or dis- 
able all other system inputs and outputs. 
It has no effect on user inputs and outputs. 


Active low 


15 


WG: 


Write Gommand. When WG is high and SG is 
low, I/O Port, if selected, stores contents of 
IV0-IV7 as data. 


Active high 


14 


SO: 


Select Gommand. When SG is high and WG is 
low, data on iV0-iV7 is interpreted as an address. 
I/O Port selects itself if its address is identical 
to )UP bus data; it de-selects itself otherwise. 


Active high 


13 


MGLK: 


Master Glock. Input to strobe data into the 
latches. See function tables for details. 


Active high 


24 


VGG: 


5V power connection. 




12 


GND: 


Ground. 





BIC 


BOG 


MCLK 


USER DATA BUS FUNCTION 


8T32/8X32/8T33 


8T35/8T36/8X36 


H 

L 
L 
H 


L 
X 
X 
H 


X 

H 
L 
X 


Output Data 

Input Data 

Inactive 

Inactive 


Output Data 

Input Data 

Input Data 

Inactive 



H = High Level L = Low Level X = Don't care 

Table 1 USER PORT CONTROL FUNCTION 













STATUS 


I/O PORT 


ME 


SC 


wc 


MCLK 


BIC 


LATCH 


FUNCTION 


L 


L 


L 


X 


X 


SET 


Output Data 


L 


L 


H 


H 


H 


SET 


Input Data 


L 


H 


L 


H 


X 


X 


Input Address 


L 


H 


H 


H 


L 


X 


Input Address 


L 


H 


H 


H 


H 


X 


Input Data and Address 


L 


X 


H 


L 


X 


X 


Inactive 


L 


H 


X 


L 


X 


X 


Inactive 


L 


L 


H 


H 


L 


X 


Inactive 


L 


L 


X 


X 


X 


Not Set 


Inactive 


H 


X 


X 


X 


X 


X 


Inactive 
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USER DATA BUS CONTROL 

The activity of the user data bus is con- 
trolled by the BlC and BOG inputs as shown 
in Table 1. 

For the 8T32, 8X32, 8T33, and 8X42, user 
data input is a synchronous function with 
MGLK. A low level on the BIG input allows 
data on the user data bus to be written into 
the data latches only if MGLK is at a high 
level. For the 8T35, 8T36 and 8X36, user data 
input is an asynchronous function. A low 
level on the BIG input allows data on the 
user data bus to be latched regardless of the 
level of the MGLK input. Note that when the 
8T35, 8T36, or 8X36 is used with the 8X300 
Microcontroller, care must be taken to in- 
sure that the Microprocessor bus is stable 
when it is being read by the 8X300 Micro- 
controller. 

To avoid conflicts at the Data Latches, input 
from the Microprocessor Port is inhibited 
when BIG is at a low level. Under all other 
conditions the two ports operate independ- 
ently. 

MICROPROCESSOR 
BUS CONTROL 

As is shown in Table 2, the activity of the 
microprocessor port is controlled by the 
ME, SG, WG and BfC inputs, as well as the 
state of an internal status latch. BIG is 
included to show user port priority over the 
microprocessor port for data input. 

Each I/O Port's status latch stores the result 
of the most recent I/O Port select; it is set 
when the I/O Port's internal address 
matches the Microprocessor Bus. It is 
cleared when an address that differs from 
the internal address is presented on the Mi- 
croprocessor Bus. 

In normal operation, the state of the status 
latch acts like a master enable; the micro- 
processor port can transfer data only when 
the status latch is set. 

When SG and WG are both high, data on the 
Microprocessor Bus is accepted as data, 
whether or not the I/O Port was selected. 
The data is also interpreted as an address. 
The I/O Port sets its select status if its ad- 
dress matches the data read when SG and 
WG were both high; it resets its select status 
otherwise. 

BUS OPERATION 

Data written into the I/O Port from one port 
will appear inverted when read from the 
other port. Data written into the I/O Port 
from one port will not be inverted when read 
from the same port. 



Table 2 MICROPROCESSOR PORT CONTROL FUNCTION 
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AC ELECTRICAL CHARACTERISTICS o°C< Ta ^ 70°C, Vcc = 5V ± 5% 



PARAMETER 



ipn User data delay (Note1 ) 

tQp User output enable 

tQQ User output disable 

tpQ idP data delay (Note 1) 

^OE mP output enable 

*0D )uP output disable 

tuw Minimum pulse width 

^SETUP Minimum setup time 



*HOLD Minimum hold time 



INPUT 



UDX 

MCLK ' 

BICt 



BOC 



BIC 
"BOC 



IV X 
MCLK 

"ME 
SO 
WC 

"ME 
SO 
WC 

MCLK 
BICt 

UP X D 
BIC* 
IV X 
ME 
SC 
WC 

UP X D 
BIC* 
IV X 
ME 
SC 
WC 



TEST 
CONDITION 



C|_ = 50pF 
Cl = 50pF 

Cl = 50pF 

C|_ = 50pF 
Cl = 50pF 



(Note 2) 



LIMITS 



Min 



(Note 2) 



18 



18 
16 



14 



13 



40 
35 

15 
25 
55 
30 
30 
30 

25 

10 

10 

5 

5 

5 



* Applies for 8T32, 8X32 and 8T33 only. 

t Applies for 8T35, 8T36 and 8X36 only. ___ 

D Times are referenced to MCLK for 8T32, 8X32 and 8T33, and are referenced to BIC for 
8T35, 8T36 and 8X36. 

NOTES: 

1 . Data delays referenced to the clock are valid only if the input data is stable at the arrival 
of the clock and the hold time requirement is met. 

2. Set up and hold times given are for "normal" operation. BIC setup and hold times are for 
a user write operation. SC setup and hold times are for an I/O Port select operation. WC 
setup and hold times are for a Microprocessor Bus write operation. ME setup and hold 
times are for both IV write and select operations. 



Typ 



25 
45 
40 



26 



28 
23 



38 
48 



19 



17 



Max 



38 

61 
55 



47 



35 
33 



53 
61 



25 



32 



UNIT 



ns 



ns 



ns 



ns 
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DC ELECTRICAL CHARACTERISTICS 


= C < Ta < 70°C, Vcc = 5V ± 5% 










PARAMETER 


TEST CONDITIONS 


LIMITS 


UNITS 


Min 


Typ 


Max 


ViH High-level input voltage 




2.0 




5.5 


V 


ViL Low-level input voltage 




-1.0 




.8 


V 


VcL Input clamp voltage 


li = -5mA 






-1.0 


V 


liH High-level input currenti 


Vcc = 5.25V 
ViH = 5.25V 




<10 


100 


mA 


liL Low level input currenti 


Vcc = 5.25V 
ViL = .5V 




-350 


-550 


mA 


Vol Low-level output voltage 


Vcc = 4.75V 
lOL = 16mA 






.55 


V 


VoH High-level output voltage 


Vcc = 4.75V 
lOH = -3.2mA 


2.4 






V 


los Short-circuit output current^ 
UD bus 
IV bus 


Vcc = 4.75V 
Vcc =^ 4.75V 


10 
20 






mA 
mA 


Ice Supply current 


Vcc - 5.25V 




100 


150 


mA 



NOTES 

1. The input current includes the Three-state/Open Collector leakage current of the 
output driver on the data lines. 

2. Only one output may be shorted at a time. 

3. These limits do not apply during address programming. 

TEST LOAD CIRCUIT 

(OPEN COLLECTOR OUTPUTS) 



> 390S1 



OUTPUT O- 



-O TEST 
POINT 



NOTE: Cl includes fixture capacitance. 



Absolute Maximum Ratings: 

Supply voltage3 7V 



Input voltage^ 

TEST LOAD CIRCUIT 
(THREE-STATE OUTPUTS) 



5.5V 



TEST 

POINT 



I 



ALL DIODES 

ARE 1N914 

OR EQUIVALENT 

H>l->l-l>l-t 



FROM 
OUTPUT 
UNDER 
TEST 



1 KJ! 



L 


• H 


SI OPEN 


Z 


• H 


82 CLOSED 


H 


• L 


SI CLOSED 


Z 


- L 


S2 OPEN 


L 


- Z 


SI CLOSED 


H 


• Z 


S2 CLOSED 



NOTE: Cl includes fixture capacitance. 



VOLTAGE WAVEFORMS 



INPUT WAVEFORM 






10% 


7 


L \ 


\ 


10% 






t 


. 


tf 






t^ < 5 ns 






t, ^ 5 ns 







CLOCK PULSE WIDTH 


1.5V 


{ \ 


1.5V 
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VOLTAGE WAVEFORMS (Cont d) 



DATA DELAY TIMES 

Input Data Reference 



INPUT 
DATA 


1.5V 

/ 


* 'PD * 


\ 


1.5V 

\ 






* 'PD * 




OUTPUT 
DATA 




N 

1.5V 


\ 


/ 


/ 

1.5V 





I 




DATA DELAY TIMES 

Clock Referenced 


V /8T3E 

X 




J 

MCLK ^ 


.5V 


X ) 


r 1.5V 


AND 8T36 








INPUT 


/ 




^ 1.5V 


\ 


DATA 


- 






"*- 'PD ^ 




OUTPUT 
DATA "" 


'PD -*■ 

J 


' 1 5V 


N 





SETUP AND HOLD TIMES 




OUTPUT ENABLE AND DISABLE TIMES 

(Three-State Outputs) 



I 'OE— H 




K-'OE-^ 




K'OD-^j 



^"" 



I 



Waveform #1 is for an output with internal conditions such that the 
output is Low when the three-state driver is enabled. Waveform #2 is 
for the opposite condition. 
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ADDRESS PROGRAMMING 

The I/O Port is manufactured such that an 
address of all high levels (>2V) on the Mi- 
croprocessor Bus inputs matches the Port's 
internal address. To program a bit so a low- 
level input (<0.8V) matches, the following 
procedure should be used: 

1. Set all con trol in puts to their inactive 
state (BiC = BOC = ME = Vqc. SC = WC= 
MCLK = GND). Leave all Microproces- 
sor Bus I/O pins open. 

2. Raise Vqc to 7.75V ± .25V. 

3. After Vcc has stabilized, apply a single 
programming pulse to the user data bus 
bit where a low-level match is desired. 
The voltage should be limited to 18V; the 
current should be limited to 75mA. Apply 
the pulse as shown in Figure 1. 

4. Return Vcc to OV. (Note 1). 

5. Repeat this procedure for each bit 
where a low-level match is desired. 

6. Verify that the proper address is pro- 
gram med__by_ setting the Port's status 
latch (IV0-IV7 = desired address, ME = 
WO = L, SC = MCLK = H). If the proper ad- 
dress has been programmed, data pre- 
sented at the fjP bus will appear inverted 
on the user bus outputs. (Use normal 
Vcc ^""^ input voltage for verification.) 



After the desired address has been pro- 
grammed, a second procedure must be 
followed to isolate the address circuitry. 
The procedure is: 





ADDRESS PROGRAMMING PULSE 




VcCP 


r^./ 


/ \ 


V_ OV 




I-. < 1 SEC. -1 ' ' 

1 1 


ADDRESS 

PROGRAMMING 

PULSE UD - UD 7 


■f-90% \ 

io%/l \ 


/ \ 


18V 






1 1 

\*-< 1mS-^| 






100ns <\ < VS 








Figure 1 







PROTECT PROGRAMMING PULSE 



PROTECT 

PROGRAMMING 

PULSE UD - UD 7 





|<-<1mS— H 



Figure 2 



1. Set Vcc 3"d all control inputs to OV. 
(Vcc = BiC = BOC = ME = SC = WC = 
MCLK = OV). Leave all Microprocessor 
Bus I/O pins open. 

2. Apply a protect programming pulse to 
every user data bus pin, one at a time. The 
voltage should be limited to 14V; the 
current should be limited to 150mA. Ap- 
ply the pulse as shown in Figure 2. 



3. Verify that the address circuitry is isolat- 
ed by applying 7V to each user data bus 
pin and measuring less than 1 mA of input 
current. The conditions should be the 
same as in step 1 above. The rise time on 
the verification voltage must be slower 
than 100)us. 



PROGRAMMING SPECIFICATIONSi 



PARAMETER 


TEST 
CONDITIONS 


LIMITS 


UNITS 


Min 


Typ 


Max 


VcGP 


Programming supply voltage 
Address 
Protect 




7.5 





8.0 


V 
V 


'CCP 


Programming supply current 
Max time Vccp> 5.25V 


VccP = 8.0V 






250 
1.0 


mA 
s 




Programming voltage 
Address 
Protect 




17.5 
13.5 




18.0 
14.0 


V 
V 




Programming current 
Address 
Protect 








75 
150 


mA 
mA 




Programming pulse rise time 
Address 




.1 




1 


MS 




Protect 




100 






MS 




Programming pulse width 




.5 




1 


ms 



1. If all programming can be done in less than 1 second, Vqq may remain at 7.75V for the entire programming cycle. 
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APPLICATIONS 

Figure 3 shows some of the various ways to 
use the I/O P ort in a system. By controlling 
the BIG and BOG lines, the device may be 
used for the input and output of data, con- 
trol, and status signals. I/O Port 1 functions 
bidirectionally for data transfer and I/O Port 
2 provides a similar function for discrete 
status and control lines. I/O Ports 3 and 4 
serve as dedicated output and input ports, 
respectively. 











APPLICATIONS 
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PRELIMINARY SPECIFICATION 



8T39-I,XL 



DESCRIPTION 

The Bus Expander is specifically designed 
to increase the I/O capability of 8X300 sys- 
tems previously limited by fanout consider- 
ations. The bus expander serves as a buffer 
between the 8X300 and blocks of I/O de- 
vices. Each bus expander can buffer a block 
of 16 I/O ports while only adding a single 
load to the 8X300. 

FEATURES 

• 15ns max propagation delay 

• Bidirectional 

• Tliree-state outputs on both ports 

• Pre-programmed address range 

APPLICATIONS 

The 8T39 Bus Expander is designed to be 
used with the 8X300 microprocessor to 
allow increased I/O capability in those sys- 
tems previously limited by fanout consider- 
ations. Figure 1 shows a typical arrange- 
ment of the bus expander in an 8X300 
system. Each expander services I/O ports 
whose address is within the range of the 
expander. Other I/O ports or working stor- 
age may be directly connected to the bus as 
shown. 

The bus expander is not limited to use with 
the 8X300, but may be applied in any system 
which uses a combined address/data bus. 

8T39 ADDRESSING 

During normal operation of the 8X300 when 
an I/O port address is being sent on the IV 
Bus (SC is high), the I/O port will examine 
all eight bits of the microprocessor bus for 
an address compare. Since the 8T39 is used 
to buffer blocks of I/O ports, only the four 
most significant bits are examined by the 
8T39 for an address compare. 

Note that redundant addresses are not pro- 
grammed into separate devices. Rather, a 
discrete device (such as the 8T39-03) may 
be wired forany address requiring two 1 bits 
and two bits in the address. The various 
address ranges for this same device are 
obtained by permuting the high order (DIO 
and DOO are MSB) data lines accordingly. 
Both input and output lines must be rede- 
fined in order to maintain data and address 
integrity on the extended bus. Table 1 sum- 
marizes the 8T39 addressing. 

Address functions are specified with the 
convention that bit is the MSB and bit 7 is 
the LSB. The Dl microprocessor bus ad- 
dress decoding is active low. 

FUNCTIONAL DESCRIPTION 

The Bus Expander contains eight sets of 
non-inverting bidirectional tri-state drivers 
for the bus data bits, four non-inverting 



unidirectional drivers for I/O port control, 
and necessary control logic. The control 
logic is required to maintain the proper 
directional transfer of bus data as dictated 
by the states of the I/O port control signals 
and the currently enabled I/O port. Each 
bus expander is programmed during manu- 
facturing to respond to a specific block of 
I/O port addresses. Only I/O ports with 
addresses in the range of a given bus ex- 
pander may be connected to that expander. 
A bus expander may be used on either left 
bank or right bank. Multiple expanders on 
the same bank must have different address 
ranges; however, expanders with the same 
address range can be connected if they are 
on different banks. Systems may be config- 
ured with I/O ports connected directly to the 
8X300, as well as I/O ports connected 
through a bus expander; however, no un- 
buffered I/O port may have an address 
within the span of a bus expander on the 
same bank. 

Addition of bus expanders may impact sys- 
tem cycle time due to the added delay in the 
data path. For the purposes of calculating 
allowable cycle time as described in the 
8X300 data sheet, the bus expander delays 

PIN DESIGNATION 



PIN CONFIGURATION 



i,XL PACKAGE 




GND [T 




Is] vcc 


D07 CL 




"ztIdi? 


D06 \T 




Je] DI6 


DOS \T 




25] DIB 


D04 [V 




241 DI4 


D03 [T 




23TdI3 


D02 [T 




22] DI2 


GND [T 




TTj GND 


D01 [T 




lo] DM 


Doofio" 




"19] DIO 


WC (OUT) QT 




"Til WC (IN) 


SC (OUT) [l7 




TTI SC (IN) 


MCLK (OUT) [l7 




Te] MCLK (IN) 


STE (OUT) [iT 




Tb] ME (IN) 


I/O Port Side 




;uP Side 



may be considered additive to the I/O port 
delays so that a buffered I/O port simply 
appears as a slower I/O port. 



PiN NO. 


SYiVIBOL 


NAIME AND FUNCTION 


TYPE 


2-7,9,10 


DO0-DO7 


I/O port data bus 


Active low, 
three-state 


11 


WC(OUT) 


Write command output 


Active high 


12 


SC(OUT) 


Select command output 


Active high 


13 


MCLK(OUT) 


Master clock output 


Acitve high 


14 


ME(OUT) 


Master enable output 


Active low 


15 


ME(IN) 


Master enable input 


Active low 


16 


MCLK(IN) 


Master clock input 


Active high 


17 


SC(IN) 


Select command output 


Active high 


18 


WC(IN) 


Write command output 


Active high 


19,20,22-27 


DI0-DI7 


Microprocessor data bus 


Active low, 
three-state 


1,8,21 


GND 


Ground 




28 


vcc 


+5 volt supply 







ADDRESS PATTERN 


ADDRESS BLOCKS 


PART TYPE 


MSB(O) LSB(7) 


Octal 


8T39-00 


ooooxxxx 


0-17 


8T39-01 


0001 xxxx 


20-37, 40-57, 100-117, 200-217 


8T39-03 


0011XXXX 


60-77, 120-137, 220-237, 140-157, 240-257, 300-317 


8T39-07 


01 11 xxxx 


160-177, 260-277, 320-337, 340-357 


8T39-17 


1111XXXX 


360-377 



Table 1 8T39 ADDRESSING SUMMARY 
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PRELIMINARY SPECIFICATION 



8T39-I,XL 



TRUTH TABLE 











SELECT 


DATA TRANSFER 


ADDRESS* 


Me 


SO 


wc 


MCLK 


LATCH 


DIRECTION 


COMPARISON 


L 


L 


L 


X 


Set 


Dl Bus - DO Bus 


No 


L 


L 


L 


X 


Not set 


Dl Bus -* DO Bus 


No 


L 


L 


H 


X 


X 


Dl Bus - DO Bus 


No 


L 


H 


X 


L 


X 


Dl Bus - DO Bus 


No 


L 


H 


X 


H 


X 


Dl Bus -* DO Bus 


Yes 


H 


X 


X 


X 


X 


Dl Bus - DO Bus 


No 



NOTES 

'When an address comparison is made, the select latch is set if the data on the Dl Bus is within the 
manufactured address range of the IV Bus Expander. Otherwise, the select latch is cleared. 

FUNCTIONAL BLOCK DIAGRAM 



TO OTHER 
DATA PATHES 



O- 



■^ 



ENABLE 
O-BUS 



Jl 



WC (OUT) 



SC(OUT) O <J~ 

O— <K 



■^: 



^^-^ 



ADDRESS 
MATCH 




— o 



1 OF 8 
DATA PATHES 



ENABLE 
l-BUS 



ME (OUT) 

MCLK (OUT) 

NOTES 

Selection made during manufacture 
X = Don't care 



a 



-O W'^ CN) 



"O SC (IN) 



-Q ME (IN) 



-O MCLK (IN) 
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PRELIMINARY SPECIFICATION 



8T39-I,XL 



ABSOLUTE MAXIMUM RATINGSi 



PARAMETER 


RATING 


UNIT 


vcc 


Power supply voltage 


+7 


Vdc 


V|N 


Input voltage 


+5.5 


Vdc 


vo 


Off-state output voltage 


+5.5 


Vdc 


ta 


Operating temperature range 


to +70 


°C 


"■"STG 


Storage temperature range 


-65 to +150 


°C 



ORDERING INFORMATION 

The Bus Expander is ordered by specifying 
the following part number: 

N8T39-XX P 

_i\ - Ceramic Package 
\ XL - Epoxy Package 

I — Address Range As Determined 
From Table 1 



DC ELECTRICAL CHARACTERISTICS Vqc = 5V ± 5%, o°C < Ta ^ 70°C 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


Input voltage 
V|L Low 
V|H High 
V|C Clamp 


-5mA at Vqq min 


2.0 




.8 
-1 


V 


Output voltage 
Vol Low 
VoH High 


Vcc = 4.75V 

IOL = 16mA 

lOH = -3.2mA 


2.4 




.55 


V 


Input current 
l|L Low^ 
'IH High^ 


Vcc = 5.25V 

V|L = .5V 
V|H = 5.25V 




< 10 


-250 
100 


uA 


'OS Short circuit output current 
'CC Supply current 


Vcc = 4.75V 
Vcc = 5.25V 


-40 




200 


mA 
mA 



AC ELECTRICAL CHARACTERISTICS Vcc = 5V ± 5%, o°C < Ta <l70°C, Cl = 300pF2 



PARAMETER 


TO 


FROM 


TEST CONDITIONS 




LIMITS 




UNIT 


Min 


Typ 


Max 


^ . Propagation Delay 
^ Data 


DOX 
DIX 


DIX 
DOX 








15 


ns 


tpd ^^^^''^l 

Propagation Delay 


ME (out) 

MCLK (out) 

SC (out) 

WC (out) 


ME (in) 

MCLK (in) 

SC (in) 

WC (in) 








15 




. Data 
°® Output Enable 


DIX 
DOX 


ME (in) 
SC (in) 
WC (in) 




28 




56 


ns 


Data 
*od Output Disable 


DIX 
DOX 


ME (in) 
SC (in) 
WC (in) 




15 






ns 


^ Adverse 
^'S®*^P Setup Time3 


DIX 
DOX 


DIX 

ME (in) 

MCLK (in) 

SC (in) 

WC (in) 




54 






ns 


. Address 
'hold Hold Time 3 


DIX 
DOX 


DIX 

ME (in) 

MCLK (in) 

SC (in) 

WC (in) 




3 






ns 



NOTES 

1. Includes tri-state leakage. 

2. Minimum clock width »s 50ns. 



3. All set up and hold times are referenced to the trailing edge of the clocking input 
MCLK. 
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PRELIMINARY SPECIFICATION 



8T39-I,XL 



TYPICAL APPLICATIONS 



TEST LOAD CIRCUIT 



USING 2 BUS EXPANDERS 


TO GIVE 33 I/O PORTS PLUS WORKING STORAGE 




8X300 






^ 






IT a) i S Zj > > 












— 


- 




— 


^ 




^ 




- 




— 1 


-^ 














r 








— 


r-n 




— 


r 




7 






rn 






V 




7 





- 


u 




— 




7 










BUS EXPANDER 




BUS EXPANDER 




I/O PORT 










Address 20e - 37, 




Address 40, ■ 57, 




Address 6 






WORKING 


















STORAGE 


























z \ 












n r 








^ 






16 I/O PORTS 16 I/O PORTS BIC BOC USER 


Addresses Addresses DATA 


20e - 378 408 ' 57, 



TEST 

POINT Vcc 

O 



FROM OUTPUT , 
UNDER TEST 



(SEE NOTE 1) 




(SEE NOTE 2) 



i I' 



All resistors values are typical and in ohms. 



1. Cl includes probe and jig capacitance. 

2. All diodes are 1N916 or 1N3064. 



VOLTAGE WAVEFORMS 



PROPAGATION DELAY TO 
THREE-STATE OUTPUTS 



OUTPUT 
CONTROL 



IX 



WAVEFORM 1 



WAVEFORM 2 



:>£ 



SI CLOSED. 
S2 OPEN 



4.5 V 

1.3V 



SI OPEN, 
S2 CLOSED 



'1.3V 
OV 



flod* 



SI AND S2 CLOSED 
1.5V 



/^=z:, 



r 

0.5V 0.5V 



"OH 
1.5V 



SI AND S2 CLOSED 



PROPAGATION DELAY TIMES 


INPUT 
OUTPUT 


r 1 


^1.3V 


7 




- tpd — 




ti.3V 


J ^1.3V 













PRELIMINARY 



BIPOLAR LSI DIVISION 



PRODUCT DESCRIPTION 

The Signetics Asynchronous Bidirectional Bus Extender and 
Repeater (SABER) is a general purpose device ideal for 
system bus expansion applications. SABER consists of 
eight data channels, each with one pair of terminals (Aj and 
Bj); each data channel can be operated independently. 

The device requires no external controls since all intelli- 
gence is internally generated; thus, operation of the device 
is completely autonomous. The first logic low signal that 
occurs on one channel terminal (Aj or Bj) will be repeated on 
the corresponding terminal (Bj or Aj) of the same channel. 

The 8X41 is designed for use in open-collector bus systems 
where high speed and low-current inputs /high-current out- 
puts are required. In system configurations, the discrete 
capabilities of SABER can be expanded by parallel connec- 
tion to service any number of bits. To provide reliable oper- 
ation and integrity of data transfers, all channels are dis- 
abled by an on-chip power monitor whenever Vqc ^a"s 
below approximately 4V. 

FUNCTIONAL OPERATION 

The 8X41 (Figure 1) consists of eight functionally indepen- 
dent yet logically identical channels. Each channel consists 
of two bus terminals (Aj and Bj); each terminal is internally 
connected to an open-collector driver and a high-impedance 
receiver. The monitoring state of each channel is defined 
when both terminals (Aj and Bj) are "high"; in this state, the 
internal logic of SABER continually examines the A and B 
bus signals to determine signal direction — Aj to Bj or Bj to 
Aj. A low signal occurring at either of the two terminals 
causes the open-collector driver on the opposite terminal to 
follow suit; hence, the signal is repeated by the 8X41. For 
each channel, latches L1 and L2 determine signal direction. 
As shown in the truth table for these latches, there is no 
transmission of data when both signals are low; however, 
this condition should never occur during normal system 
operation. 

The Internal automatic direction control can be overridden 
by e ither o r bot h of the common disable inputs — DBA and 
DAB. When DBA is driven low (DAB = high), the Bj to Aj path 
is interrupted and SABER becomes a unidirectional repeater 
i n the Aj to Bj di rectio n only. With these conditions reversed 
(DAB = low and DBA = high), the Aj to Bj path is interrupted 
and the chip functions as a unidirectional repeater in the Bj 
to Aj direction. When both control signals are low, data 
passage is inhibited in both directions. Refer to the I / O truth 
table for all possible input/output conditions. 



DESIGN FEATURES 

• Intelligent bidirectional bus repeater with self-generating or 

external control 

• Eight independent channels 

• Open-collector outputs (meets DEC UNIBUS* specifications) 

• TTL compatible 

• High speed (30-nano8econd8 max) 

• Expandable to any number of bits 

• High input impedance for every operating value of Vqq 

• Low input current (less than lOO-microamperes); high output 

current (up to 70-milliampere8) 

• 24-pin DIP 

• -I-5V supply 

USE AND APPLICATION 

• Minicomputers 

• Microcomputers MOS/Bipolar 

• Communications 

• Signal buffer 

• Bus fan-out extensions 

• Distributed processing 

• Bidirectional bus connector/isolator 

'Trademark of the Digital Equipment Corporation 



8X41 PACKAGE/PIN DESIGNATIONS 








24] B7 


vccQI 






BO [T 




23] AT 




AO[T 




22] N/C 




gnd|T 




27] GND 




A1 [T 




20| A6 




B1 [T 




"iil 86 




6K[T 




"iil CSB 




B2[F 




171 B5 




A2 [T 




le] A5 




Gfpfio 




"isl GNO 




AsfTT 




Ti] A4 


PIN NO. 


B3[l2 




Ts] B4 

FUNCTION 


IDE 


NTIFIER 


1 


vcc 


-I-5V power 


3. 5,9, 11. 


A0-A7 


A-bus input /output 


14, 16. 20, 






and 23 






2. 6. 8. 12. 


B0-B7 


B-bus input /output 


13. 17. 19, 






and 24 






4. 10. 15. 


GND 


Circuit ground 


and 21 






7& 18 


DBA & DAB 


Input /output control- 
see TRUTH TABLE in 
Figure 1 


22 


N/C 


No connection 
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PRELIMINARY 



BIPOLAR LSI DIVISION 





l-**'("ir) — Bs 




\> 



POWER ON/OFF 
DECTECTOR 



<H^ 



Figure 1. Logic Diagram of 8X41 Asynchronous Bidirectional Bus Extender 
and Repeater 

INPUT/OUTPUT TRUTH TABLE 



EXTERNAL CONTROLS 


INPUT SIGNALS 


OUTPUT DRIVER SIGNALS 


DAB 


DBA 


Ai 


Bi 


ADi 


BD| 


H 


H 


L 


L 


H 


H 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L 


L 


H 


H 


H 


H 


H 


H 


H 


H 


L 


L 


L 


H 


L 


H 


L 


L 


H 


H 


L 


H 


L 


H 


L 


H 


H 


H 


L 


H 


H 


H 


H 




H 


L 


L 


L 


H 




H 


L 


H 


H 


H 




H 


H 


L 


L 


H 




H 


H 


H 


H 


H 




L 


X 


X 


H 


H 



DBA 


DAB 


FUNCTION 








Data transmission 
inliibited 





1 


Aj — Bj 


1 





Aj-Bj 


1 


1 


Aj-Bj 
Ai^Bj 



i = Channel 0. 1,2, 3, 4. 5, 6, or 7 

Aj -► Bj = Data transmission from Aj to Bj 

Aj -^ Bj = Data transmission from Bj to Aj 

TRUTH TABLE FOR INTERNAL 
LATCHES 



LATCHES 


DIRECTION OF DATA 


LI 


L2 


1 
1 





1 

1 



Monitoring state 

Aj to Bj 

Bj to Aj 

No transmission 



NOTES 

Aj = External signal BDj - Output B driver 

ADj = Output A driver X = Don't care 
Bj = External signal 
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BIPOLAR LSI DIVISION 



DC CHARACTERISTICS Vcc 


= 5V(±5%);Ta = 0°( 


: to 70' 


'C 






PARAMETER 


DESCRIPTION 


TEST CONDITIONS 


LIMITS 


UNITS 


Min 


Typ 


Max 


Vol 


Bus output low 
voltage (driver ON) 


'OL = 70 mA; 
Vcc = Min 






0.5 


V 


*Vb 


Bus input threshold 
voltage (driver OFF) 




1.3 




1.7 


V 


V|H (DBA, 
DAB only) 


High level input 
voltage 




2.0 






V 


V|L (DBA, 
DAB only) 


Low level input 
voltage 








0.8 


V 


V|C 


Input clamp voltage 


Vcc = Min; 
l|L = -18mA 






-1.5 


V 


VPD 


Power ON /OFF 
detector threshold 
voltage 




3.7 




4.35 


V 


l|H (DBA. 
DAB only) 


High level input 
current 


Vcc = Max; 
V|N = 2.7V 






20 


HA 


IjL (DBA, 
DAB only) 


Low level input 
current 


Vcc = Max; 
V|N = 0.4V 






-0.4 


mA 


•l 


Bus input current 
(driver OFF) 


Vcc = Max; 
Vb = 2.5V* 






100 


mA 


Vcc = Max; 
Vb = ov* 






-20 


'OFF 


Bus leakage current 
(power OFF) 


Vcc = OV; 
Vb = 2.5V* 






100 


mA 


'cc 


Supply current 


Vcc = Max; 
Aq-Aj = Low or 
Bq-Bj = Low and 
DBA = DAB = High 




145 


180 


mA 



LOAD CIRCUIT FOR OUTPUTS 



vcc 



< 
< 

FROM OUTPUT -. 


> 60U 






UNDER TEST 

R2< 

9on> 


__ CL 
-r 30pF 



r 



POINT 



NOTE 

C|_ includes probe and jig capacitance 



'B = VbuS 



AC CHARACTERISTICS Vcc = 5V ( ± 5%); Ta = 


0°Cto70°C 












PARAMETER 


DESCRIPTION 


FROM 


TO 


TEST CONDITIONS 


LIMITS 


UNITS 


Min 


Typ 


Max 


tPLL 


Propagation delay 


Low Aj 
Low Bj 


Low BDj 
Low ADj 


DBA = DAB = High 






30 


T^sec 


tPHH 


Propagation delay 


High Aj 
High Bj 


High BDj 
High ADj 


DBA = DAB = High 






30 


77sec 


tDHH 


Propagation delay 


High Aj 


High BDj 


DBA = Low; DAB = High 






25 


T/sec 


High Bj 


High ADj 


DAB = Low; DBA = High 






25 


i?sec 


tDLL 


Propagation delay 


Low Aj 


Low BDj 


DBA = Low; DAB = High 






25 


T;sec 


Low Bj 


Low ADj 


DAB = Low; DBA = High 






25 


T^sec 


tDEH 


Propagation delay 


Low DBA 


High ADj 


DAB = Low; Bj = Low 






30 


Tjsec 


tDEL 


Propagation delay 


High DBA 


Low ADj 


DAB = Low; Bj = Low 






30 


Tjsec 


tDEH 


Propagation delay 


Low DAB 


High BDj 


DBA = Low; Aj = Low 






30 


77sec 


tDEL 


Propagation delay 


High DAB 


Low BDj 


DBA = Low; A; = Low 






30 


r^sec 


tr 


Recovery time (see 
timing diagram) 


— 


— 


DBA = DAB = High 




20 




T/sec 



NOTES 

Aj = External signal ADj = Output A driver Bj = External signal BDj = Output B driver 
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PRELIMINARY 

8X41 TIMING DIAGRAM 



BIPOLAR LSI DIVISION 



/ 



CONDITIONS: 
DBA = HIGH - 
DAB = HIGH 



CONDITIONS: 
DBA = LOW - 
DAB = HIGH 



CONDITIONS: 
DBA = HIGH - 
DAB = LOW 



\ 



/ 



CONDITIONS: 
DAB = LOW - 
Bj = LOW 



\ 



/ 



CONDITIONS: 
DBA = LOW - 
Ai = LOW 



\ 



Ai (EXTERNAL) • 



BDi (OUTPUT 
B DRIVER) 



Bi(EXTERNAL) 



AOi (OUTPUT 
A DRIVER) 



Aj (EXTERNAL) • 



BDi (OUTPUT B 
DRIVER) 



Bi (EXTERNAL) 



ADi (OUTPUT A 
DRIVER) 



ADi (OUTPUT A 
DRIVER) 



BDi (OUTPUT B 
DRIVER) 



1.5V ^ -)f- 1.5V 

|S A. ov 

V 1/ ^OH 

1.5V -V- -*- 1.5V 

A TT. ,,, 

l^t — J 

I \ r I -— ov 

I I 

(-^tpLL-*^ I* «PHH *! 

I I 

\i y voH 

-/l.5V 
' VOL 

\1.5V jf- 1.5V 
, r \ ov 

I I 

^ tDLL y» — — »\ tDHH \» 

I I 

\i y VOH 

1.5V /l.5V 
' VOL 

"\l.5V jfZ^ '' 

I I 

— *\ tDLL \* — — *\ tDHH I* — 

VJ !/ VOH 

\1.5V ^1.5V 

-^^^^ ^ 

, N fi^ ov 

I j 

— »^ tDEH |-« — — ^ tOEL W 

1^ ^ VOH 

^1.5V :Vl.5V 

' ^ VOL 

\,.5V J^lTsV 
f i- OV 

— ^ tDEH |-»— 1\ tDEL U 

' 1 

/l.5V \l.5V 

' ^ VOL 



ORDERING INFORMATION 

Order number: N8X41N 

Packaging information: Refer to Signetics price list 

Supply voltage: 5V ( ± 5%) 

Operating temperature range: 0°C to +70°C 
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PRELIMINARY 

USING THE 8X41 IN A BUS-SHARED CONFIGURATION 



BIPOLAR LSI DIVISION 
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peripheral 
controller 



peripheral ffl 



peripheral #2 



peripheral #3 



NOTES 

1. The bus-control logic can be 
handled as shown here, inte- 
grated in each system mod- 
ule, or externally situated. 

2. The A-port and B-port of the 
8X41 are transparent to ex- 
ternal connections, that is, 
AQ-A7 can be connected to 
the I/O bus and BQ-B7 can 
be connected to the internal 
bus, and vice-versa. 

3. Refer to tables in Figure 1 
for data control capabilities. 



INTERFACING 8X41 TO IEEE 488 BUS 



8 DATA LINES ^ 

WITH PULL-UP Cx 

RESISTORS TO VCC ^ 



8 CONTROL LINES ^ 
WITH PULL-UP <~ 

RESISTORS TO Vcc ^ 




SYSTEM OR CONTROLLER 



vt 




/ ^> 



^ 



■EOl \ 
REN 

- SRO 
' IFG 
-DAY 

• NRFD 

- NOAC 



TALK/LISTEN DEVICE 



LISTEN 

UNLISTEN - 
TALK 



b 



SECONDARY 
COMMANDS ' 

UNIVERSAL 

COMMANDS 

OTHER 

COMMANDS 
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8T58-I,XL 



DESCRIPTION 

The Bus Expander Is specifically designed 
to Increase the I/O capability of 8X300 sys- 
tems previously limited by fanout consider- 
ations. The bus expander serves as a buffer 
between the 8X300 and blocks of I/O de- 
vices. Each bus expander can buffer a block 
of 16 I/O ports while only adding a single 
load to the 8X300. 

FEATURES 

• 15ns max propagation delay 

• Bidirectional 

• Three-state outputs on both ports 

FUNCTIONAL DESCRIPTION 

The Bus Expander contains eight sets of 
non-inverting bidirectional tri-state drivers 
for the bus data bits, four non-Inverting 
undlrectional drivers for I/O port control, 
and necessary control logic. The control 
logic is required to maintain the proper 
directional transfer of bus data as dictated 
by the states of the I/O port control signals. 
A bus expander may be used on either left 
bank or right bank. Systems may be config- 
ured with I/O ports connected directly to the 
8X300, as well as I/O ports connected 
through a bus expander. 

Addition of bus expanders may impact sys- 
tem cycle time due to the added delay in the 
data path. For the purposes of calculating 
allowable cycle time as described in the 
8X300 data sheet, the bus expander delays 
may be considered additive to the I/O port 
delays so that a buffered I/O port simply 
appears as a slower I/O port. 



APPLICATIONS 

The 8T39 Bus Expander is designed to be 
used with the 8X300 microprocessor to 
allow increased I/O capability in those sys- 
tems previously limited by fanout consider- 
ations. Figure 1 shows a typical arrange- 
ment of the bus expander in an 8X300 
system. Other I/O ports or working storage 
may be directly connected to the bus as 
shown. 

The bus expander Is not limited to use with 
the 8X300, but may be applied in any system 
which uses a combined address/data bus. 



PIN CONFIGURATION 



l,XL PACKAGE 


GND [T 




28] Vcc 


D07 rr 




271 D17 


D06 [T 




26] D16 


DOS [^ 




25] D15 


D04 [T 




241 014 


D03 [T 




23] D13 


D02 [F 




22] 012 


GND [T 




"FTIgnd 


D01 [T 




20l Oil 


DOO \20_ 




'Til °'o 


WC (OUT) QT 




'Til WC (IN) 


SC(OUT) |j7 




Tt] SC (IN) 


MCLK (OUT) QJ 




'Tel MCLK (IN) 


ME (OUT) [lT 




Ti] ME (IN) 




mP Side 



TRUTH TABLE 



ME 


SC 


WC 


DATA TRANSFER 
DIRECTION 


ADDRESS 
COiVIPARISON 


L 
L 
L 
H 


L 
L 
H 
X 


L 
H 
X 
X 


Dl Bus *- DO Bus 
Dl Bus -* DO Bus 
Dl Bus -* DO Bus 
Dl Bus — DO Bus 


No 
No 
No 
No 



PIN DESIGNATION 



PIN NO. 


SYMBOL 


NAME & FUNCTION 


TYPE 


2-7,9,10 


DO0-DO7 


I/O port data bus 


Active low, 
three-state 


11 


WC(OUT) 


Write command output 


Active high 


12 


SC(OUT) 


Select command output 


Active high 


13 


MCLK(OUT) 


Master clock input 


Active high 


14 


ME(OUT) 


Master enable output 


Active low 


15 


ME(IN) 


Master enable input 


Active low 


16 


MCLK(IN) 


Master clock input 


Active high 


17 


SC(IN) 


Select command output 


Active high 


18 


WC(IN) 


Write command output 


Active high 


19,20,22-27 


DI0-DI7 


Microprocessor data bus 


Active low, 
three-state 


1,8,21 


GND 


Ground 




28 


Vcc 


+5 volt supply 





sjgnDtics 



8T58-I,XL 



DC ELECTRICAL CHARACTERISTICS Vcc 


= 5V ±5%, 0°C < Ta < 70°C 










PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIn 


Typ 


Max 


Input voltage 
ViL Low 
ViH High 
Vic Clamp 


-5mA at Vcc min 


2.0 




.8 

-1 


V 


Output voltage 
Vol Low 
VoH High 


Vcc = 4.75V 

lOL = 50mA 
Iqh = -3.2mA 


2.4 




.55 


V 


Input current 
liL Low* 
liH High* 


Vcc = 5.25V 

ViL = .5V 
ViH = 5.25V 




<10 


-250 
100 


mA 


los Short circuit output current 
Ice Supply current 


Vcc = 4.75V 
Vcc = 5.25V 


-40 




200 


mA 
mA 



•Includes 3-State leakage. 

VOLTAGE WAVEFORMS 



PROPAGATION DELAY TO 
THREE-STATE OUTPUTS 



OUTPUT 
CONTROL 



^ 



WAVEFORM 1 



WAVEFORM 2 



'^ 



SI CLOSED, 
S2 OPEN 



•a-'od-H 



4.5V 

1.3V 



S1 OPEN, 
S2 CLOSED 



SI AND 82 CLOSED 

/ T 1-5V 

-^ , Vn. 



0.5V 0.5V 

J_l 

Vr- 



VOH 
1.5V 



SI AND S2 CLOSED 



PROPAGATION DELAY TIMES 


INPUT 

IN PHASE 
OUTPUT 


^1.3V JJ^1.3V 


•*-'PLH-* 

/ 




•-•PHL-» 


_ Vqh 


M.3V 


> 


^1.3V 













TEST LOAD CIRCUIT 



TEST 

POINT Vcc 

O 



FROM OUTPUT , 
UNDER TEST 



(SEE NOTE t) 




SI 
(SEE NOTE 2) 



i I' 



All resistors values are typical and in ohms. 

NOTES 

1 . Cl includes probe and jig capacitance. 

2. All diodes are 1N916 or 1N3064. 



TYPICAL APPLICATION 














































USING 2 BUS EXPANDERS 


TO CREATE 33 I/O PORTS PLUS WORKING STORAGE 




8X300 






5 






^Uiii f--£ 










( 


— 





— 







\ 


— 
















— 


— 


- 


— 






— 



































— 


— 


— 


— 







7 




— 


— 






X 




r 


— 


- 


— 


— 


— 


X 




r 










BUS EXPANDER 




BUS EXPANDER 




I/O PORT 
Address 6 






WORKING 


















STORAGE 


























z \ 












Z X 








n r 








I/O PORTS I/O PORTS BIC BOC USER j 


DATA 



sgiiDtics 



FUNCTIONAL BLOCK DIAGRAM 



TO OTHER 
DATA PATHS 



o- 



ENABLE 
0-BUS 



-tfe: 



r^ 



A ADDRESS 
MATCH 



— Qdi: 



1 OF 8 
DATA PATHS 



: (OUT) O ^- 

■ (OUT) Q ^ 

; (OUT) O ^- 



^. ENABLE 

Al l-BUS 



I WC (IN) 



-"OmE (IN) 



ABSOLUTE MAXIMUM RATINGS 



PARAMETER 


RATING 


UNIT 


Vcc Power supply voltage 

ViN Input voltage 

Vo Off-state output voltage 

Ta Operating temperature range 

TsTG Storage temperature range 


+7 

+5.5 

+5.5 

to +70 

-65 to +150 


Vdc 
Vdc 
Vdc 
°C 
°C 



AC ELECTRICAL CHARACTERISTICS Vcc = 5V ± 5%, o°c < Ta < 70°c, Cl = soopF 



PARAMETER 


TO 


FROM 


TEST CONDITIONS 


LIMITS 


UNIT 


Min 


Typ 


Max 


Path delay 
tpd Data 


DOX 
DIX 


DIX 
DOX 








15 


ns 


tpd Control 


ME(OUT) 

MCLK(OUT) 

SG(OUT) 

WC(OUT) 


ME(IN) 

MCLK(IN) 

SC(IN) 

WC(IN) 








15 


ns 


Data 
Output 
toe Enable 


DIX 
DOX 


ME(IN) 
SG(IN) 
WC(IN) 




28 




56 


ns 


Data 
Output 
tod Disable 


DIX 
DOX 


ME(IN) 
SC(IN) 
WC(IN) 




15 
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APPENDIX B 
INSTRUCTION FORMATS 



B-1 



8X300 INSTRUCTION SET 



FORMATS 



GENERAL FORMAT 



MS 


B 






























LSB 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


OPCODE 


OPERANDS 


- 23 








15 












DEPEND UPON 
SPECIFIC FORMAT 




































1 



OPCODE 



CMD. OPERATION 



FORMAT 



MOVE 

1 ADD 

2 AND 

3 XOR 

4 XEC 

5 NZT 

6 XMIT 

7 JMP 



.DATA TRANSFER 



ARITHMETIC/ LOGIC 



PROGRAM CONTROL 

DATA TRANSFER 
PROGRAM CONTROL 



III IV 
V 



OCTAL FORMATS DESIGNATION 



FORMAT 



BIT 

VALUEg 

DEFINITION 



OPCODE 


OPERANDS 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


0-3 


0- 1 1 0-7 


0-7 


0- 1 


0-7 


MOVE ADD 
AND XOR 


S 


R 


D 



S= R (BIT 3 = 0) 
D= R (BIT 11=0) 
R/L = ROTATE 



FORMAT 



BIT 

VALUEg 

DEFINITION 



OPCODE 


OPERANDS 1 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


0-3 


0-3! 0-7 


0-7 


0-3! 0-7 


MOVE ADD 
AND XOR 


S 


L 


D 



S= ROR I/O 
D = R OR I/O 
R/L= LENGTH 



FORMAT 



FORMAT 



BIT 

VALUEg 

DEFINITION 



BIT 

VALUEg 

DEFINITION. 



BIT 

VALUEg 

DEFINITION 



OPCODE 


OPERANDS 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


4-6 


0-1 1 0-7 


0-3 


0-7 


0-7 1 


XEC NZT 
XMIT 


S* 


J 



TYPICAL INSTRUCTION: 605300 
BIT PATTERN: 8 



OPCODE 


OPERANDS 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


4-6 


2-3 


0^, 


0-7 


0-3 1 0-7 


XEC NZT 
XMIT 


S* 


L 


J 



V 



TYPICAL INSTRUCTION: 627305 



BIT PATTERN: _i 



OPCODE 


OPERANDS 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


7 


0-li 0-7 i 0-7 i 0-7 1 0-7 


JMP 


A 



S= R 

l = 8BITS 



S= I/O 

R/L= LENGTH 

I = 5 BITS 



A = 13 BITS 





OPERANDS 


s 


= SOURCE (REG OR I/O) 


D 


= DESTINATION 
(REG OR I/O) 


R/L 
R 

L 


= ROTATE/LENGTH 
IF (REG ^ REG) 
IF (IFSOR D = l/0) 


1 


= LITERAL CONSTANT 
(IMMEDIATE) 


A 


= ADDRESS 

(PROGRAM STORAGE) 



•D FOR XMIT INSTRUCTIONS 
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8X300 INSTRUCTION SET 



OPERANDS 







S 








R/L 








D 






3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


0-3 


0- 7 


0-7 


0-3 


0-7 



MSD LSD 

SOURCE 



DESTINATION 



FORMATS I II III IV 



FORMATS 



OCTAL 
VALUE 

00 



01 


R1 


02 


R2 


03 


R3 


04 


R4 


05 


R5 


06 


R6 



07 



10 



11 
12 
13 
14 
15 
16 

17 



REGISTER SPECIFICATION 

DEFINITION 

Auxiliary Register R0. Also proc- 
essed as second term during execu- 
tion of ALU commands 



WORKING REGISTERS 



Pseudo-register. Specifies 
address selection to LEFT 
bank I/O. Can only be 
specified as a destination. 

Overflow Register. 
Source specified only 
Carry stored in Bit 7 
location 



R11 WORKING REGISTER 



IVL 



OVF 



UNASSIGNED 



IVR Pseudo-register. Specifies 
address selection to RIGHT 
bank I/O. Can only be 
specified as a destination. 



IV BUS DATA SPECIFICATION 



OCTAL 
VALUE 

2X 



3X 



DEFINITION 

Designates I/O data on the LEFT 
bank previously selected by IVL 
pseudo-register. 

Designates I/O data on the RIGHT 
bank previously selected IVR 
pseudo-register. 



where X = to 7, the location of the least sig- 
nificant bit within the byte of sel- 
ected I/O. The actual field to be 
processed is variable from 1 to 8 
bits, depending upon the R/L 
operand.* 

* R/L OPERAND 

R = Right rotation of data specified in 
source field R number of places. 
Both Source and Destination fields 
must specify registers. 

L = Length of data field (in bits) within 
the accessed byte to be manipulated. 
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